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ABSTRACT 
The purpose of thi~ study was to determine if a strength training program has an 
effect on the bone mineral density of aerobically trained perimenopausal women. The 
study also hoped to detennine if high intensity strength training with low repetitions will 
result in a greater increase in bone density as compared with low intensity strength 
training with high repetitipns. The duration of the study was six months. 
The participants were twenty-five aerobically trained perimenopausal female 
volunteers. They were rap.domly selected to be in one of three groups. Group I was the 
aerobic control where the participants continued with their aerobic training program three 
days per week for 30 minutes and did not add a strength training program. Group 2 was 
the high resistance with low repetitions strength training group. These participants 
continued their aerobic tr~ining program and added a strength training program 
performing one set of 6 to 8 repetitions at 80% of their one repetition maximum. Group 3 
was the low resistance with high repetitions strength training group. These participants 
continued their aerobic training program and added a strength training program of two 
sets of 20 repetitions at 50% of their one repetition maximum. 
A one repetition maximum test was used to determine upper and lower body 
strength at baseline and after six months. Bone mineral density was also evaluated at the 
hip and spine using dual-energy x-ray absorptiometry (DEXA). 
Descriptive statistics and analysis of variance (ANOVA), p < 0.05, were used to 
assess the baseline data. No significant differences in baseline strength or bone mineral 
density were found between the groups. A multivariate ANOVA (MANOVA), p < 0.05, 
was performed to assess the differences in strength change and bone mineral density 
within and between groups. 
Examination of the results revealed there was no significant difference between 
the groups in bone mineral density after six months. The results also demonstrated the 
aerobic control group, as a whole, did not increase their bone mineral density. However, 
group 2 significantly improved their strength more than the aerobic control group for 
three variables including the latissimus pull down (p = .011), leg extension (p =.OOO), 
and leg adductor (p = .010), and showed more improvement than group 3 on the leg curl 
variable (p = .013). It was concluded that there were no differences between groups in 
the amount of bone mineral density change, but there were differences in strength. 
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CHAPTER I 
INTRODUCTION 
Osteoporosis is a bone disease associated with a reduced bone mineral density and 
increased incidence of hip and spine fractures. Osteoporosis is very prevalent in our 
society, especially in postmenopausal women. Women can lose up to 20% of their bone 
mass in the five to seven years following menopause, making them more susceptible to 
osteoporosis (National Osteoporosis Foundation, 200 I). Osteoporosis is often called the 
"silent disease" because bone loss occurs without symptoms. People may not know they 
have osteoporosis until their bones become so weak that a sudden strain, bump, or fall 
causes a fracture or a vertebra to collapse. 
There have been numerous studies completed on postmenopausal women and the 
effect aerobic training and strength training have on their bone density. These studies 
also investigated women's risks of developing osteoporosis (Bemben, Fetters, Bemben, 
Nabavi, Koh, 2000; Lohman, 1995; Marcus, et al. , 1992; Prince, et al. , 1991). There are 
many factors that determine who will develop osteoporosis. The National Osteoporosis 
Foundation established the following risk factors: 
• Age. The older a person is, the greater their risk of osteoporosis. 
• Gender. Your chances of developing osteoporosis are greater if you are a woman. 
Women have less bone tissue and lose bone more rapidly than men because of the 
changes involved during menopause. 
• Family history and personal history of fractures as an adult. Susceptibility to 
fracture may be, in part, hereditary. Young women whose mothers have a history 
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of vertebral fractures also seem to have reduced bone mineral density. A personal 
history of a fracture as an adult also increases your fracture risk. 
• Race. Caucasian and Asian women are more likely to develop osteoporosis. 
However, African American and Hispanic women are at significant risk for 
developing the disease. 
• Bone structure and body weight. Small-boned and thin women (under 127 
pounds) are at greater risk. 
• Menopause/menstrual history. Normal to early menopause (brought about 
naturally or because of surgery) increases a woman' s risk of developing 
osteoporosis. In addition, women who stop menstruating before menopause 
because of conditions such as anorexia or bulimia, or because of excessive 
physical exercise, may also lose bone tissue and develop osteoporosis. 
• Lifestyle. Current cigarette smoking, drinking too much alcohol, consuming an 
inadequate amount of calcium or getting little or no weight-bearing exercise, 
increases a woman's chances of developing osteoporosis. 
• Medications/chronic diseases. A significant and often overlooked risk factor in 
the development of osteoporosis is the use of certain medications to treat chronic 
medical conditions. Medications to treat disorders such as rheumatoid arthritis, 
endocrine disorders (i.e. an under-active thyroid), seizure disorders and 
gastrointestinal diseases may have side effects that can damage bone and lead to 
osteoporosis. 
Bone is living tissue that responds to exercise by becoming stronger. Just as a 
muscle gets stronger and bigger the more it is used, a bone becomes stronger and denser 
when demands are placed upon it. If bones are not called upon to work, such as during 
physical activity, they do not receive any messages that they need to be strong. Thus, 
lack of exercise, particularly as you get older, may contribute to lower bone mineral 
density. 
It is not possible to see bones respond to exercise. However, when a person 
strikes a tennis ball or lands on his/her feet after jumping, chemical messengers tell 
his/her arm and leg bones to be ready to handle that weight and impact again. In fact, if 
an x-ray is taken of a tennis player' s arm, it is visible that the bones in the playing arm 
are bigger and denser than the bones in the other arm. 
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Two types of exercises are important for building and maintaining bone mass and 
density: weight-bearing and resistance exercises. Weight-bearing exercises are those in 
which a person's feet and legs are bearing his/her weight. Jogging, walking, stair 
climbing, dancing and soccer are examples of weight-bearing exercise with different 
degrees of impact. The second type of exercise is resistance exercise or activities that use 
muscular strength to improve muscle mass and strengthen bone. These activities include 
weight lifting, such as using free weights and weight machines. Most weight-bearing and 
resistance exercises place great demands on bone. Daily activities and most sports 
involve a combination of these two types of exercises. Thus, an active lifestyle filled 
with varied physical activities strengthens muscles and improves bone strength (National 
Osteoporosis Foundation, 200 I). 
The literature suggests aerobic training and strength training can increase a 
postmenopausal woman's bone mineral density and reduce her risk of osteoporosis 
(Pocock, et. al., 1986; Layne, Nelson, 1999; Rikli, McManis, 1990). However, there has 
been very limited research completed on the perimenopausal woman and the effects a 
strength training program could have on bone mineral density and the risk of 
osteoporosis. It seems that if a perimenopausal woman could increase or maintain her 
bone mineral density as much as possible prior to menopause, her risk of developing 
osteoporosis could be greatly reduced during menopause and postmenopause. 
Purpose 
The purpose of this study was to determine if a strength training program has an 
effect on the bone mineral density of aerobically trained perimenopausal women. The 
study also examined whether high intensity strength training with low repetitions would 
result in a greater increase in bone density as compared with low intensity strength 
training with high repetitions. 
Hypotheses 
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1. The strength training participants who train with high resistance and low 
repetitions will increase their strength more than the participants who train 
with low resistance and high repetitions. The aerobic only group will show no 
increase in strength. 
2. Strength training will increase the bone mineral density of aerobically trained 
perimenopausal women. 
3. The participants who train only aerobically will not increase their bone 
mineral density. 
4. The high resistance with low repetitions group will show a greater increase in 
bone mineral density than the low resistance with high repetitions group. 
Rationale 
This study was important because osteoporosis causes many health problems, 
among them approximately 1. 5 million fractures annually in the United States. Studies 
have shown that bone mineral density, muscle mass, and strength have all increased when 
older adults have participated in progressive strength training programs (Dornemann, et 
al., 1997; Lohmann, et al. , 1995; Layne, Nelson, 1999; Rikli, McManis, 1990). If a 
strength training program can increase bone mineral density, the risk of developing 
osteoporosis could be significantly decreased. Women and society pay a high price for 
osteoporosis in the cost of disability and the loss of productivity and independence. The 
results from this study could help millions of women reduce the risk of developing 
osteoporosis and its debilitating effects. A goal of this study was to establish whether or 
not strength training prior to menopause could potentially decrease the risk of 
osteoporosis in postmenopausal women. 
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Limitations 
The small sample size was a limitation of the study. Each group contained only 
eight to nine participants. In addition, some of the participants did not push themselves 
to their maximum limit to produce a true one repetition maximum. A few participants 
were lacking the confidence to lift heavier weight. They looked at the amount of weight 
they were going to lift and became unsure of their ability. Some participants even said 
they were not able to lift that specific amount of weight and gave up without trying. This 
may have resulted in a lower one repetition maximum test. 
The six-month duration of the training intervention may have been a limitation. 
This study will continue for six more months. Duration is important because the bone 
remodeling cycle is 4-6 months long, therefore, some subjects may have been in the 
restoration phase when their bone mineral density was measured at six-months (Bemben, 
et. al., 2000). 
Definition of Terms 
Aerobic Training: A form of physical conditioning designed to improve 
cardiorespiratory function by exercises (as running, walking, or swimming) that increase 
oxygen consumption. 
Bone Mineral Density: The bone mass per unit volume measured in grams/cubic 
centimeter. 
Femoral: Of or relating to the femur or thigh. 
Isotonic Strength Training: Strength training method referring to a muscle contraction 
that produces shortening with a constant external resistance. 
Lumbar: Of, relating to, or constituting the vertebrae between the thoracic vertebrae and 
sacrum. 
Osteogenesis: Development and formation of bone. 
Osteoporosis: A condition that is characterized by a decrease in bone mass with 
decreased density and enlargement of bone spaces producing porosity and fragility and 
that results from disturbance of nutrition and mineral metabolism. 
Overload Principal: Training concept stating that the demands placed on a system 
(aerobic, muscular) must be increased systematically and progressively over a period of 
time to cause physiologic adaptation (development or improvement). 
Perimenopausal: A woman who has not gone through menopause, and is at the age 
preceding menopause when hormone changes are occurring. The possible symptoms 
include: PMS, infertility, weight gain, headaches, fibroids, painful or lumpy breasts, 
abnormal pap smears, fatigue, insomnia, cold hands and feet, water retention, 
premenstrual mood swings, depression, loss of libido, heavy or irregular menses, fat 
deposition at hips and thighs, craving for sweets, and night sweats. 
Postmenopausal: The period of time after natural cessation of menstruation. 
Strength Training: A conditioning program that requires the use of resistance to help 
increase muscular strength, endurance, power, and/or body size. 
V02 Maximum: The maximum amount of oxygen the body is able to utilize per minute 
of physical activity, commonly expressed in ml/kg/min. One of the best indicators of 
cardiorespiratory or aerobic fitness. 
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CHAPTER II 
REVIEW OF LITERATURE 
This literature review contains information relating to the effect strength training 
has on the bone mineral density of perimenopausal women who currently exercise 
aerobically. The review will be organized to include the following topics: the debilitating 
effect osteoporosis has on women as they grow older, the benefits of aerobic training in 
preventing osteoporosis and increasing bone mineral density in perimenopausal and 
postmenopausal women, and the benefits of strength training in preventing osteoporosis 
and increasing bone mineral density in perimenopuasal and postmenopausal women. 
Osteoporosis 
Osteoporosis, or porous bone, is a disease characterized by low bone mineral 
content and structural deterioration of bone tissue, leading to bone fragility and an 
increased susceptibility to fractures of the hip, spine and wrist. Osteoporosis is a major 
public health threat for more than 28 million Americans, 80 percent of whom are women 
(National Osteoporosis Foundation, 2001). In the United States today, 10 million 
individuals already have the disease and 18 million more have low bone mass, placing 
them at increased risk for osteoporosis (National Osteoporosis Foundation, 2001). 
Osteoporosis is a major cause of bone fractures, disability, and premature death in 
the elderly, especially postmenopausal women. Half the people who endure a hip 
fracture will need some temporary help with daily living. Of those who lived 
independently before a hip fracture, 15-20% of them will need to be in long-term care a 
year after the injury (Munnings, 1992). In addition, an average of24% of hip fracture 
patients, age 50 and over, die in the year following their fracture (National Osteoporosis 
Foundation, 2001). 
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According to the National Osteoporosis Foundation in Washington, DC, 
osteoporosis is responsible for 1.5 million bone fractures in the United States each year. 
The estimated national direct expenditures (hospitals and nursing homes) for osteoporotic 
and associated fractures was $13 .8 billion in 1995 ($38 million each day) and the cost is 
rising (National Osteoporosis Foundation, 2001). The financial impact of this disease is 
astounding. In fact, the elderly population is projected to escalate in the coming years, 
thus, the physical and economic cost of osteoporosis will intensify even more. The 
personal trauma, pain, disability, and depression commonly experienced by its victims 
will also rise. It is crucial that prevention and treatment options be developed. 
Bone 
Bone tissue is constantly being broken down and reformed. This renovation is 
necessary for growth and repair of minor damage that occurs with daily stresses. The 
breakdown of the skeleton is done by cells known as osteoclasts, which are formed from 
certain types of blood cells. These osteoclasts dig holes into the bone, releasing small 
amounts of calcium into the bloodstream. Osteoblasts, which are produced by bone cells, 
then rebuild the skeleton. The osteoblasts first fill in the holes with collagen, then lay 
down crystals of calcium and phosphorus. Each year approximately 10% to 3 0% of the 
adult skeleton is remodeled (National Osteoporosis Foundation, 2001). 
Peak Bone Mass in Women 
Peak bone mass is the maximum bone mineral density achieved during skeletal 
growth. The National Institute of Health (1999) has reported that increased peak bone 
mineral density reduces osteoporosis risk later in life. Therefore, increased attention is 
now placed on those factors that affect peak bone density. 
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Skeletal growth occurs fastest in utero and infancy (National Institute of Health, 
1999). Children then experience a slow increase until puberty. During the adolescent 
growth spurt, children attain up to 60% of their peak bone density. The majority of bone 
density is gained during the first twenty years of life. Women between the ages of 30 and 
menopause tend to have negligible change in bone mineral density. However, in the 
years following menopause, most women experience rapid bone loss that slows but 
persists throughout their lives. 
Peak bone mass is affected by a range of genetic and environmental factors. The 
National Institute of Health (1999) has found these factors most concerning: 
• Gender. Peak bone mass tends to be higher in men than in women. Before 
puberty, bone mass is acquired at similar rates among boys and girls. After 
puberty, however, males tend to acquire greater bone mass than their female 
counterparts. 
• Race. For reasons still being investigated, African-American females tend to 
achieve higher peak bone mass than Caucasian females. These differences in 
bone density are apparent even during youth. 
• Hormonal Factors. Estrogen is an important determinant of peak bone mass. 
Early menarche and use of oral contraceptives, for example, have been positively 
correlated with high bone mineral density. Young women who become 
amenorrheic experience significant deficits in bone density that may not be 
recovered even after menses returns. 
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• Nutritional Status. Calcium is an essential nutrient for bone health. It has been 
suggested that calcium deficiencies in the young can account for a 5-10% 
difference in peak bone mass and can significantly increase the risk for hip 
fracture later in life. Surveys indicate that adolescent females in the United States 
are less likely than their male counterparts to consume their recommended levels 
of calcium. In fact, less than 25% of adolescent females are actually getting the 
calcium they need each day. Calcium is shown to positively impact peak bone 
mass when given up to the threshold dose of 1000 milligrams per day. 
• Physical Activity. Physical activity is a strong determinant of peak bone mass. 
The benefits of activity are most pronounced in those areas of the skeleton under 
physical stress such as weight bearing aerobic activity or strength training. 
Calcium 
Traditional treatments for osteoporosis have included dietary modifications, 
especially calcium supplementation. It was recommended that calcium be given to 
women and men who have osteoporosis or who are at risk. More data on the optional 
dose is still needed, but a total calcium intake of 1,000 to 1,500 mg/day is suggested by 
the current evidence (http://courses.washington.edu/bonephys/opcalcium/html, 2000). 
The origin of the calcium makes no difference to the bone. Calcium can come 
from food, fortified food, or supplements just as long as the ideal daily value is met. To 
prevent osteoporosis, many people believe they must double the recommended daily 
value of calcium, however, calcium excess does not necessarily result in bone gain or 
even in prevention of bone loss. Calcium deficiency though will certainly increase bone 
loss. It is recommended that calcium be taken in small amounts at least twice a day so it 
is better absorbed. It has also been found that calcium taken at bedtime may stop bone 
loss that occurs at night, so it is suggested that one dose of calcium be taken late in the 
day (http:// courses. washington. edu/bonephys/ opcalcium/html, 2000). 
Exercise and Bone Health 
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A less expensive and available treatment option for osteoporosis is physical 
exercise. Physical exercise is an essential factor in the growth and maintenance of 
healthy bone. The National Institute of Health reported in 2000 that by approximately 
the age of 20, the average woman has acquired 98% of her bone mass. The National 
Osteoporosis Foundation (2001) found two types of physical exercise that are important 
for maintaining bone mineral density. They are strength training and weight-bearing 
aerobic training. Strength training exercises use muscular strength to improve muscle 
mass and strengthen bone. These activities include weight lifting, such as using free 
weights and weight machines found at gyms and health clubs. 
Weight-bearing aerobic training is the second form of exercise that will help 
maintain bone mineral density. These exercises are those in which bones and muscles 
work against gravity, where a person' s feet and legs are bearing his weight. Jogging, 
walking, stair climbing, dancing and soccer are examples of weight-bearing aerobic 
training with different degrees of impact. Weight-bearing aerobic exercises appear to be 
the most beneficial to the skeleton as opposed to non-weight bearing aerobic exercises 
such as swimming and bicycling where the person's body weight is being supported by 
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means other than itself Weight-bearing puts stress onto the bone, which then causes the 
bone to strengthen in preparation for further stress. 
The National Institute of Health (NIH) (1999) reported that 97% of bone density 
is achieved by the age of eighteen, and increases in bone density have been observed 
throughout the third decade oflife. The NIH also informs that postmenopausal women 
can benefit from physical exercise. However, they believe there to be no substantial 
evidence that physical exercise alone will offset the damaging effects estrogen 
withdrawal has in the first three to five years following menopause. After the accelerated 
bone loss phase is complete, regular exercise can have a protective effect on bone. The 
NIH (1999) also released information that active postmenopausal women tend to have 
greater bone mineral density than their sedentary counterparts. This may be explained by 
regular activity such as walking, weight training and low impact aerobics, which can 
safely offset age related bone loss, decrease fracture risk and improve the quality of life 
in older women. 
A decrease in physical exercise may lead to a loss of bone mineral and an increase 
in the incidence of osteoporotic fractures (Chilibeck, Sale, Webber, 1995). In fact, 
immobilization or weightlessness, as experienced by astronauts in space, is a well-known 
cause of significant and rapid loss of bone mineral (Pocock, Eisman, Yeates, Sambrook, 
Eberl, 1986). 
In addition, lack of muscle strength has been connected to osteoporosis and the 
incidence of falls leading to bone fractures (Dook, James, Henderson, and Price, 1997). 
Muscle strength can influence the ability to perform simple tasks such as rising out of a 
chair, carrying the groceries, climbing stairs, or visiting the bathroom. In elderly 
populations, the effects of a strength training program, coupled with aerobic exercise, 
may make all the difference in living a dependent or independent life. 
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It is of vital importance that women, especially perimenopausal women, begin to 
build up their bone mineral density before they reach menopause. The postmenopausal 
population is at great risk for osteoporosis. In fact, by age 70, apparently healthy women 
will already have experienced a 20-40% loss of femur and lumbar spine bone mineral 
density (Lohman, 1995). This information is useful for the perimenopausal population 
because it illustrates where they might be in the coming years. It also helps the 
perimenopausal population realize they need to do everything they can to prevent the 
onset of osteoporosis. 
Aerobic Training 
Aerobic exercise is defined as physical conditioning designed to improve 
respiratory and circulatory function through activities such as running, walking, or 
swimming. These exercises increase a person' s oxygen consumption. The heart and 
lungs respond to the increased demand for oxygen by the working muscles. 
To benefit from aerobic exercise, one must train 3-5 days per week for at least 20-
60 minutes per day (Balady, et al. , 2000). The exercise does not need to be continuous. 
In fact, an accumulation of time with intermittent sessions is just as effective as continual 
exercise (Balady, et al., 2000). An example of this would be exercising for 10 minutes at 
three different times of the day. This has been shown to be as effective in maintaining 
aerobic fitness as exercising for 30 continuous minutes. 
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Studies have shown that women between the ages of20-83 who perform weight 
bearing aerobic activity, such as walking, jogging, running, or dancing, have a greater 
increase in bone mineral density than those participants who perform non-weight bearing 
aerobic activities, such as swimming or bicycling (Dook, et al., 1997; Marcus, et al. , 
1992; Munnings, 1992; Peterson, et al., 1990; Pocock, et al. , 1986; Rikli, McManis, 
1990). Recent evidence suggests aerobic exercise with higher loads of impact at specific 
sites provides a more effective osteogenic stimulus than do lower loads of impact that are 
generally distributed (Marcus, et. al., 1992). For example, the forces produced at the 
lumbar vertebrae during fast walking and jogging are one and 1. 75 times the body weight 
respectively. 
Marcus, et al. (1992) measured bone mineral densities of the radial midshaft, 
hand, and calcaneus in 80 women aged 30-49 years. Of these women, 42 were training 
for a marathon and had been running for two years, while 38 subjects were sedentary 
controls. Bone density was significantly greater in the hands and at the radial midshaft of 
the runners. The significantly greater bone densities in the hands and radial midshafts of 
the runners were due to their constant load or stress that running puts on the entire body. 
The bone mineral density of the calcaneus was found to be greater in the control group. 
The authors concluded this was likely a reflection of greater body weight in the sedentary 
women. 
Marcus et al. (1992) also found higher bone mineral densities have been detected 
in experienced female runners (ages 30-49) compared to sedentary individuals. Cross-
country runners exhibited 20% greater mineral content of the humeral head, calcaneus, 
radius, and ulna compared with sedentary controls. The bone mineral density of the neck 
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of the femur and the lumbar vertebrae have been found to be approximately 10% greater 
in runners, indicating the response to running varies at different skeletal sites. The stress 
that running or weight bearing aerobic activity places on the skeletal system causes the 
bones to grow stronger. 
Alekel et al. (1995) hypothesized that aerobic exercisers have a higher bone 
mineral density than non-exercisers. A study was conducted to test this hypothesis, and 
among exercisers, whether aerobic dancers had greater bone density than walkers. There 
were 93 healthy, eumenorrheic, non-pregnant, Caucasian premenopausal women 
participants ages 25-41 years of age. The participants were assigned to one of the 
following groups: walkers, aerobic dancers, or nonexercisers. Testing continued over the 
course of a year and three months. The sedentary subjects were involved in no regular or 
formal physical activity for at least one year prior to the start of the study. The walkers 
regularly walked from 12 to 36 (mean= 16) miles per week and had been walking for 1-9 
years. The aerobic dancers participated in three to seven 45-60 minute classes per week 
and had been engaged in aerobic dance from 1 to 12 years. 
A history of participation in aerobic dance or walking had the greatest influence 
on bone mineral density compared with non-exercisers. Total energy expenditure 
independently contributed to total femoral bone mineral density, indicating activities of 
daily living are also important determinants of femoral bone mineral density. These 
results suggest a combination of daily living activities and weight bearing exercise, 
regardless of whether it is aerobic dance or walking, has a favorable effect on spine bone 
mineral density of women. Mean values for total femoral and spinal bone mineral 
densities were: walkers .947 g/cm2 and 1.092 g/cm2, dancers .990 g/cm2 and 1.070 g/cm2, 
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and non-exercisers .887 g/cm2 and 1.020 g/cm2. These findings suggest that walking and 
aerobic dance exercise may provide physically active premenopausal women with greater 
lumbar and femoral bone mineral density than their sedentary counterparts. Exercise 
versus nonexercise was the most significant predictor ( 6% variance) of bone mineral 
density. However, aerobic type (aerobic dance versus walking) was not significant. 
The longer one has been exercising aerobically, the more likely she is to have a 
higher bone mineral density. This would delay the possible onset of osteoporosis. 
Aerobic exercise may indeed be an important preventative measure against osteoporosis 
and hip fractures later in life. 
Pocock, Eisman, Yeates, Sambrook, and Eberl ( 1986) hypothesized that aerobic 
fitness was a major determinant of femoral neck and lumbar spine bone mineral density 
in the general population. There were 84 female subjects who ranged in age from 20-75 
years, and 46 of the participants were postmenopausal. To measure the participant' s 
fitness level, a predicted maximal oxygen uptake (V02 max) test was performed. In the 
46 postmenopausal participants, aerobic fitness was the only significant predictor of 
femoral neck bone mineral density. The data demonstrated that bone mineral density of 
the femoral neck is significantly related to variations in the level of aerobic fitness Within 
the normal range. In particular, aerobic fitness was the only independent predictor of 
femoral neck bone mineral density in postmenopausal women. An increase in aerobic 
fitness yielded an increase in bone mineral density. 
This study has shown the significant relationship between aerobic fitness, by 
habitual aerobic training, and bone mineral density of the femoral neck. The authors 
suggest that increased aerobic training may be a useful modality in prevention of 
osteoporotic fractures. 
18 
The efficacy of four years of exercise intervention in deterring bone loss in both 
perimenopausal and post-menopausal women (mean age 50.3) was investigated by Smith, 
Gilligan, McAdam, Ensign, and Smith (1989). The 212 subjects were placed into two 
groups. The aerobic training group participated in 45 minutes of physical activity per 
session, 3 days per week. Each session consisted of approximately 10 minutes of 
warmup, 30 minutes of aerobic endurance activities including dancing, walking, and 
jogging, and 5 minutes of cool-down. The second group was a sedentary control group, 
which did not participate in any organized physical activity, but continued their normal 
activity pattern. All subjects had their bone mineral density measured by a single photon 
absorptiometry (SPA). 
After four years, the bone mineral density of the control group declined 
significantly in all three bones of the arm. The rate of decline in the exercise group was 
significantly less than that of the control group. Although the absolute difference 
between loss rates in the exercise and control groups were small, projected over 20 years 
this may protect significantly against fractures. For example, in 20 years, the left ulna 
bone mineral density would decline 0.16 g/cm2 (approximately 25%) in the control group 
and only 0.03 g/cm2 (5%) in the exercise group. It can be concluded that physical 
activity is valuable in reducing arm bone loss in middle-aged women. 
In spite of the knowledge gained from research such as this, only 22% of 
American adults do light to moderate aerobic training five or more times per week. 
Though the role exercise has in protecting bones from deterioration has not yet been fully 
revealed, regular, weight-bearing aerobic exercise is clearly helpful (Munnings, 1992; 
Marcus, et al., 1992; Alekel, et al. 1995; Pocock et al. 1986; Smith et al. 1989). 
Strength Training 
Although aerobic activities have been shown to be effective for developing 
cardiorespiratory fitness and increasing bone mineral density, these activities appear to 
have little influence on muscular strength. Muscular strength is developed by the 
overload principle through means of increasing the resistance to movement or the 
frequency or duration of activity to levels above those normally experienced. Muscular 
strength is best developed by using weights, which evoke maximal or nearly maximal 
muscle tension with relatively few repetitions (Balady, et al., 2000). 
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Strength training by nonathletic populations, including perimenopausal women, is 
a relatively new practice. Historically, strength training has been limited to young, 
athletic individuals seeking to improve performance as a component of a sports training 
program. Recently, progressive strength training principles have been applied to a large 
and growing population of older women for whom the relationship of muscle strength 
and bone density is critical in decreasing their risk of developing osteoporosis (Layne, 
Nelson, 1999). 
Perimenopausal Studies 
Wolff's law of remodeling states that stress or mechanical loading applied to the 
bone via the muscle and tendons has a direct effect on the bone formation and remodeling 
(Layne, Nelson, 1999). Thus, strength training may contribute to an increase in bone 
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mineral density. This principal was illustrated in a study designed to determine the effect 
of six months of heavy strength training on the bone density of perimenopausal women 
(Domeman, McMurray, Renner, Anderson, 1997). 
Thirty-five perimenopausal women, age 40-50 years, participated in a six-month 
study to determine the effects of a high-intensity resistance exercise program on bone 
mineral density and muscular strength. The participants were randomly assigned to 
either a three day per week heavy strength training group ( 5 sets of 4-6 repetitions) or a 
sedentary control group. Neither of the groups participated in an aerobic training 
program. Dual energy X-ray absorptiometry (DEXA) was used to measure the bone 
mineral density of all the participants. 
The results illustrated that the strength training group significantly increased 
muscular strength for all three core exercises. The strength training produced the 
following gains in the overhead press (125%), leg press (86%), and calf raises (91%). In 
addition, the strength training group increased their lumbar bone mineral density by 
1.03%, while the sedentary control group decreased its bone mineral density by .36%. 
The femoral bone mineral density tended to increase by about 1.2% in both groups. T-
tests comparing the change in score revealed no significant differences in bone mineral 
density between groups at the femoral site. The ANOV A analyses of the lumbar 
vertebrae bone mineral density comparing the groups revealed no main effect of the six-
month duration (p = 0.028). However, at the lumbar site, 10 of the 12 exercising subjects 
gained bone mineral density while only 3 of the 14 control subjects increased bone 
mineral density. The authors concluded that even a short-term weight training program 
can either maintain or improve the bone mineral density of the lumbar vertebrae in 
perimenopausal women as well as increase muscular strength (Domemann, McMurray, 
Renner, Anderson, 1997). 
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High intensity strength training, due to the heavy resistance, puts a considerable 
amount of stress on the muscles, connective tissue and skeleton. The body's natural 
response is to make these tissues, including the bones, stronger. During strength training, 
activity loads on the lumbar vertebrae are as much as 5-6 times a person' s body weight 
depending on position and specific exercise (Marcus, et al., 1992). 
Lohman, et al . (1995) investigated the effects of 18 months of strength training in 
white eumenorrheic premenopausal women aged 28-39. The participants were randomly 
assigned to either a sedentary control group or an exercise program consisting of three 
sets of8-12 repetitions for 12 weight lifting exercises three days per week. The load for 
the exercise group was initially 70% of their one repetition maximum. Neither of the 
groups participated in an aerobic training program. The participant' s bone mineral 
densities were measured using dual energy x-ray absorptiometry (DEXA). 
The strength training participants increased their strength by 58.1 % (averaged 
over all exercises) based on the one repetition maximum test. In addition, the bone 
mineral density increased significantly by 7% above baseline at the lumbar spine for the 
strength training group at 18 months as compared with controls who showed no increase. 
The femoral bone mineral density of the strength training groups increased significantly 
by 4.4% as compared with the control group who again showed no increase. These 
results indicate that strength training increased muscular strength, and increased bone 
mineral density in the premenopuasal population. 
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A similar study by Gleeson, Protas, LeBlanc, Schneider and Evans (1990) also 
tested the effects of a 12-month strength training program on the bone mineral density of 
72 white, perimenopausal, eumenorrheic women (ages 20-35). This study included two 
groups, a strength training group and a sedentary control group. Neither group 
participated in an aerobic training program. The strength training group included 34 
women, who followed a strength training program lasting about 30 minutes three times 
per week. The program consisted of four upper and four lower extremity exercises, and 
two sets of 20 repetitions were attempted at each of the eight machines. Each participant 
was to lift 60% of her one repetition maximum. The control group included 30 women 
who agreed to remain sedentary during the 12-month study. Bone density of the lumbar 
spine and femoral neck were measured in all subjects by quantitative digital radiography 
(Lunar DPX). 
The strength training group showed a non-significant increase in mean lumbar 
bone mineral density of 0. 81 % and the control group exhibited a non-significant decrease 
of0.5%. The authors concluded that these relatively small changes seen as a result of the 
strength training program may prevent moderate strength training from being a practical 
answer for osteoporosis, even in the highly motivated. 
The previous conclusion seemed harsh. Muscular strength training or weight 
bearing activities can serve as the osteogenic stimulus, but the exact mechanism by which 
bone responds to changes in its mechanical load environment is unclear (Peterson, et al., 
1991). Strength training or mechanical loading is an important factor for determining 
bone mineral density, bone architecture, and muscular strength. Therefore, more studies 
need to be performed before the authors can make such a severe comment, which could 
tum osteoporotic patients away from this form of treatment. 
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The skeletal effects of a circuit weight training program on perimenopausal 
women was reported by Rockwell, et al. (1990). They researched perimenopausal 
women to determine the skeletal effects of a 9-month weight training exercise program. 
The researchers evaluated the effects of a strength training program on lumbar spine bone 
mineral density in 10 women (mean age 36.2 years) and compared the results with those 
in seven sedentary women (mean age 40.4 years). The exercise group participated in an 
8-station strength training machine circuit performed twice a week at an initial work load 
of70% of their one repetition maximum. The sedentary control group did not engage in 
a regular strength training program during the course of the study. Neither group 
participated in an aerobic training program. Bone mineral density of the lumbar spine 
was measured in all subjects by quantitative digital radiography (Lunar DPX). 
The exercise group's overall strength increased by 57% over nine months. 
Despite the increase in muscle strength, the lumbar spine bone mineral density in the 
exercising women decreased by 3.96% (p = 0.01). The difference in bone mineral 
density between exercising and control women was significant (p = 0.04). The exercise 
group's lumbar bone density was 1.20 ± 0.05 g/cm2 and the control group was 1.18 ± 
0.04 g/cm2. There was a fall in lumbar spine bone mineral density in the exercise group 
(from 1.25 ± 0.06 g/cm2 baseline to 1.20 ± 0.05 g/cm2 posttest) and it was associated with 
the frequency of their attendance. The subjects only attended about 61 % of the required 
time. The femoral neck bone mineral density did not change during the course of the 
study in either group. The exercise subjects' femoral neck bone density was 0.93 ± 0.03 
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g/cm2 and the control subjects values were 0.88 ± 0.04 g/cm2• Although the mean value 
for the femoral neck bone density was lower in the control group, the difference was not 
statistically significant. The authors concluded that short term strength training at this 
frequency and intensity decreases vertebral bone mineral density in premenopausaJ 
women. 
This conclusion was similar to that of Gleeson and colleagues ( 1990) in that they 
believed a short term strength training program does not prevent osteoporosis. A 
different way to interpret the results can be to state that a short term study shows no 
increase in bone mineral density. However, ifthe studies were to continue for longer 
periods of time, recruited more participants, or had a higher intensity program then there 
might have been a different outcome (Gleeson, et al., 1990; Rockwell, et al., 1990). 
Postmenopausal Studies 
Layne and Nelson (1999) researched high intensity strength training in 
postmenopausal women. The study was a one-year randomized controlled trial. The 
results of the study demonstrated that women in a two-day per week resistance training 
program (percentage of 1 repetition maximum unknown) gained an average of I% in 
bone mineral density of the femoral neck and lumbar spine. The control group lost 2.5% 
and 1.8% at these sites, respectively. In addition, the strength training women tended to 
maintain total body bone mineral density of the skeleton whereas the women in the 
control group had a -1.2% decline in total body bone mineral density. Furthermore, the 
strength training women had a 35-76% increase in strength whereas the control group 
showed declines in all of these parameters. The findings of the study indicate that 
strength training in postmenopausal women can decrease the risk for osteoporosis. 
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Layne and Nelson (1999) suggested that a relationship exists between strength 
training and increased bone mineral density and muscular strength in postmenopausal 
women. If postmenopausal women can increase their bone mineral density and muscular 
strength, then it is conceivable that perimenopausal women could increase their bone 
mineral density and muscular strength at an even greater rate. This is because 
perimenopausal women have not yet reached menopause where the drop in estrogen and 
progesterone levels puts them at risk for accelerated bone mineral density loss. 
Bone mineral density responses to high-intensity strength training in active older 
women were studied by Nichols, Nelso~ Peterson and Sartoris (1995). The subjects 
were 34 non-estrogen-repleted, active women (defined as exercising at least 3 days per 
week for a minimum of 30 minutes per session at an intensity that induced sweating and 
made breathing noticeable) who were over 60 years of age. The duration of the study 
was 12 months. The participants were randomly assigned to either a strength training 
group or an aerobic control group. The strength training group trained three days per 
week performing one set of l 0-12 repetitions of eight different exercises at an intensity of 
50% of their one repetition maximum. The aerobic control group continued their current 
endurance exercise program. By the third week, the load was increased to 80% of their 
one repetition maximum and was maintained as close to that intensity as possible for the 
duration of the study. Bone mineral density of all the subjects was measured at the spine 
and hip by dual-energy x-ray absorptiometry (DEXA). 
At the end of the study, it was concluded that high-intensity strength training did 
not induce positive changes in bone mineral density of the hip or spine in aerobically 
active women. The weight training group demonstrated an increase to 0.776 ± 0.03 
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g/cm 2 and 1.025 ± 0.04 g/cm2, for the hip and spine respectively. The outcome was the 
same for the aerobic control group with an increase to 0.772 ± 0.02 g/cm2 in the hip and 
1.012 ± 0.03 g/cm2 in the spine. However, the protocol was safe, enjoyable, and highly 
effective in increasing muscular strength. The gains in strength of the weight trainers 
ranged from 14.5% for the seated row to 71% for the shoulder press exercise. The 
strength of the weight trainers reached a plateau by 6 months, then declined slightly, 
although non-significantly, during the last 6 months. The decline observed between 6 
and 12 months corresponded to a decrease in attendance. 
The results from this study postulated that a strength training program elicited no 
osteogenic response in the bone mineral density of the hip and spine. The study, 
however, may have needed to be longer in duration to provide full bone remodeling. 
Also, because the participants were over 60 years of age, and already active women, their 
bone mineral may have previously been increased where the st rength training variable 
may not have been enough to improve bone mineral density. Thus, these factors of study 
length, participants' ages, previous activity, and exercise protocol may all be important in 
determining whether postmenopausal women show a change in bone mineral density. 
Bemben, Fetters, Bemben, Nabavi and Koh (2000) investigated the 
musculoskeletal responses to high- and low- intensity resistance training in early 
postmenopausal women. There were 25 subjects who ranged in age from 41-60 years 
old. The 6-month study compared the effects of a high-load (80% of I-repetition 
maximum, 8 repetitions) and a high repetition ( 40% of I -repetition maximum, 16 
repetitions) strength training program on the bone mineral density and muscular strength 
of 25 postmenopausal subjects. There were two training groups and a sedentary control 
group. The bone mineral density was measured by dual energy x-ray absorptiometry 
(DEXA; Lunar DPX-IQ). 
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Both training groups showed similar increases in biceps (20%) and rectus femoris 
(28-33%) strength. The lower body strength increased 30%, and 37-40% in hip strength 
for both groups. The high-load group did show greater improvement in upper body 
strength by 9% over the high-repetitions group. It was determined that neither training 
group experienced significant increases in femoral or vertebral bone mineral density after 
training for six months. 
This study showed that high-load and high-repetition resistance training protocols 
were both effective in improving muscular strength in postmenopausal women. The low-
intensity resistance training can be beneficial for the muscular strength in women for 
whom high-intensity exercise is contraindicated. The primary reason for the significant 
gains in strength without equal increases in bone mineral density is likely due to the 6-
month duration of the study, or the possibility that strength training does not significantly 
increase bone mineral density. 
Given that there was only one 6-month remodeling cycle of bone mineral 
density, there may not have been enough time pennitted to evoke positive changes in 
bone mineral density. A longer period that included two or three remodeling cycles may 
be needed to demonstrate significant changes in bone mineral density. 
The effects of an aerobic training and strength training program on bone mineral 
content in postmenopausal women was studied by Rikli and McManis (1990). The 
purpose was to test the effects of a 10-month exercise program on bone mineral content 
(BMC) and bone mineral content/bone width (BMC/BW) of3 I postmenopausal women 
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(ages 57-83). Bone mineral content (BMC) was measured according to standardized 
procedure using a Norland Digital Single-Photon Bone Densitometer (1970). There was 
a general aerobics group, general aerobics plus upper body strength training group, and a 
sedentary control group. The general aerobics group attended conditioning classes held 
at their retirement center or participated in other similar activity sessions for a minimum 
of three times a week for 10 months. All exercise sessions included 5-10 minutes of 
warm-up activities, 20-30 minutes oflarge-muscle aerobic activities at an intensity level 
of 60-70% of their maximum heart rate, and 5-10 minutes of cool-down period. The 
general aerobics group plus strength training followed the same procedures as the general 
aerobic exercise group, but added 20 minutes of upper body strength training exercises 
three times a week. The sedentary group participated in no organized exercise classes 
and did not strength train. 
No significant changes in bone mineral content were found between subjects in 
the general aerobics exercise program, the general aerobics plus strength training, and the 
sedentary control group. The mean changes in the BMC and BMC/BW tended to be 
positive for both exercise groups and negative for the control group, but the differences 
failed to reach significance at the .05 level. The exercise participants experienced mean 
increases of 1.38% and 1.33% in BMC and BMC/BW, respectively, whereas the control 
group had decreases of -2.50% and -2.58% respectively. The exercise subjects 
maintained BMC and BMC/BW over the 10-month period, while the sedentary control 
group experienced non-significant losses. Thus, the general aerobics exercise group and 
the general aerobics plus strength training group showed the same results. 
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This particular study investigated aerobic training and aerobic training plus 
strength training. The outcome was interesting because both exercise groups elicited the 
same positive effect on BMC and BMC/BW. The implication is that aerobic training 
elicits the increase in bone mineral content not the strength training. 
Pruitt, Taaffe and Marcus (1995) looked at a strength training program of two 
different intensities on the bone mineral density in healthy, postmenopausal women. 
Twenty-six women ages 65-79 were randomly assigned to one of three groups: high-
intensity strength training, low-intensity strength training, or a sedentary control. The 
exercise groups performed 10 strength training exercises three days per week. The high-
intensity group trained using 80% of their one repetition maximum while the low-
intensity group utilized 40% of their one repetition maximum. Bone mineral density was 
measured by dual-energy x-ray absorptiometry (DEXA). 
The results illustrated that yearlong programs of high- and low-intensity strength 
training were effective in improving muscular strength in postmenopausal women when 
compared to the sedentary control group. The percentage change in lumbar spine bone 
mineral density was 0. 7%, 0.5%, and - 0.1 % for the high-intensity, low-intensity, and 
sedentary control groups respectively. The percentage change in total hip bone mineral 
density was 0.8%, 1.0%, and 0.9% for the high-intensity, low-intensity, and sedentary 
control groups respectively. These findings reveal that high-intensity and low-intensity 
resistance training regimens effectively increase muscular strength, but not lumbar spine 
or total hip bone mineral density, in healthy postmenopausal women. 
Training effects on vertebral and femoral bone mineral densities were not 
apparent, possibly due to the women's good bone mineral density upon entrance to the 
study. Though the exercises performed in this study may not have elicited bone mineral 
density changes in healthy, older women; the training and its strength gains offer other 
benefits such as improved balance, reduced fall risk, and perhaps reduced fracture 
incidence. 
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Through researching strength training and its effects on the bone mineral density 
of peri- and postmenopausal women, it is construed that a strength training program 
regardless of its intensity, may increase bone mineral density (Domemann, et al., 1997; 
Lohmann, et al., 1995; Layne, Nelson, 1999; Rikli, McManis, 1990). However, there 
have been studies performed which are contradictory. These studies found a strength 
training program to have little or no positive effect on the bone mineral density of peri-
and postmenopausal women (Gleeson, et al., 1990; Rockwell, et al., 1990; Nichols, et al., 
1995; Bemben, et al., 2000; Pruitt, Taaffe, Marcus, 1995). 
Thus, the literature is inconclusive in determining if muscular strength training 
increases the bone mineral density in perimenopausal or postmenopausal women. 
However, by following Wolff's Law of bone remodeling, it is a fact that mechanical 
loading or strength training applied to the bone via the muscles and tendons has a direct 
effect on the bone formation and remodeling at the site of stress/tension, but not 
necessarily at the non-loaded sites. In contrast, aerobic exercise utilizes a greater 
proportion of total muscle mass usually over a prolonged continuous period, which 
presents a greater stimulus at the muscle attachment site. In addition, the added stimulus 
from continuous aerobic impact may provide a further benefit to increase bone mineral 
density. The fact that studies showed little to no increases in bone mineral density may 
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be due to other factors besides the strength training program, therefore, more research is 
needed in this area. 
Summary 
Throughout this literature review, it has been implied that both aerobic training 
and strength training should have a direct effect on bone mineral density. If it is true, this 
study on the effects of strength training on the bone mineral density of perimenopausal 
women who currently exercise aerobically will also show an association with increases in 
muscular strength and bone mineral density. 
The most effective exercise protocols to maximize and maintain bone mineral 
density have not been firmJy established (Dook, et al ., 1997). For this reason, the subject 
of aerobic and strength training in relation to bone mineral density should be further 
investigated. 
Marcus, et al. (1992) suggests muscle strength and physical fitness predict 
femoral and vertebral bone mineral density in perimenopausal women. Considering the 
fact that bone loss parallels decline in muscle strength with age, physical activity may 
offset the age-related loss that has been defined in more sedentary populations. Thus, the 
more physically active one is, the higher her bone mineral density will be, resulting in a 
decreased chance of developing the debilitating disease, osteoporosis. 
The ideal osteoporosis prevention program is targeted at perimenopausal women 
to build up their bone mineral density as much as possible before the years of menopause. 
This would be done with an aerobic and strength training program. Throughout this 
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literature review, there were numerous studies confirming the assumption that an aerobic 
training program or a strength training program will increase the bone mineral density of 
middle aged women (Munnings, 1992; Marcus, et al. , 1992; Alekel, et al. , 199 5; Pocock, 
et al., 1986; Smith, et al., 1989; Domemann, et al., 1997; Lohmann, et al., 1995; Layne, 
Nelson, 1999; Rikli, McMannis, 1990). Conversely, there were a few studies found 
which claimed a strength training program is not helpful to women, and will not help 
delay the onset of osteoporosis (Gleeson, et al. , 1990; Rockwell, et al. , 1990). Thus, the 
overall findings concluded that an aerobic training program, coupled with a strength 
training program, can result in an increase in muscular strength and bone mineral density 
in perimenopausal women. 
CHAPTER III 
:METHODS 
This study of the effects of strength training on the bone mineral density of 
perimenopausal women who exercise aerobically began in December 2000 and ended in 
June 2001. All participants were tested for physical strength and bone mineral density. 
The baseline tests and posttests were administered one week before the study began and 
one week after the study ended. 
Description of Participants 
Twenty-five female volunteers were recruited from Eastern Illinois University 
and Sarah Bush Lincoln Health Center by word of mouth. Participants were entered into 
the study if they met the following requirements: 
• Participants should have already been training aerobically for at least the 
previous six months (minimum of3 times per week, 30 minutes per session) 
prior to the commencement of the study. The type of aerobic activities the 
participants were performing prior to the study were walking, jogging, step 
aerobics, stationary biking, elliptical gliding machine, stair master, tae kwon 
do, tennis, and racquetball. The primary exercise performed by a majority of 
the participants was walking or jogging. This was important to note because 
these activities are weight bearing, which may influence the outcome of the 
participants' bone density. 
• The participants could not be menopausal (defined as the period of natural 
cessation of menstruation usually occurring between 45-50 years of age). 
• The participants could not have been participating in a strength training 
program during the three months prior to the commencement of the study. 
• The participants must have been experiencing two or more of the following 
symptoms of perimenopause to be eligible for the study: PMS, infertility, 
weight gain, headaches, fibroids, painful or lumpy breasts, abnormal pap 
smears, fatigue, insomnia, cold hands and feet, water retention, premenstrual 
mood swings, depression, loss of libido, heavy or irregular menses, fat 
deposition at hips and thighs, craving for sweets, and night sweats. All 
participants provided written informed consent (Appendix A), which was 
approved by the Review Board at Sarah Bush Lincoln Health Center. 
Participants also provided written consent before starting a strength training 
program (Appendix B). 
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If the participant was unsure of being perimenopausal, the information on her 
perimenopausal hormonal status was provided by a laboratory test. This test determined 
the participant's follicle stimulating hormone (FSH) level. It verified whether the 
participant was truly perimenopausal or if she was beginning menopause. If the test 
revealed the participants FSH level was too high [meaning she was going through 
menopause] (a reading of 30 or more), then she was excluded from the study. 
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Description of the Research Design 
The 25 participants were randomly separated into one of three groups. Of the 
three groups, group I served as the aerobic control group (n = 8). These participants 
continued their aerobic training and did no strength training. Group 2 was the high 
resistance with low repetitions group (n = 8). Group 2 continued their aerobic training 
and added a strength training program which consisted of 1 set of 6-8 repetitions at an 
intensity level of 80% of their one repetition maximum. Group 3 was the low resistance 
with high repetitions group (n = 9). Group 3 continued their aerobic training and added a 
strength training program consisting of 2 sets of 20 repetitions at an intensity level of 
50% of their one repetition maximum. Program instructions were given to each 
participant based on the group they were randomly selected to be in. 
Training Programs 
Strength training programs for groups 2 and 3 included eight exercises: bench 
press, leg press, arm curl, latissimus pull down, leg extension, leg curl, leg adductor, and 
leg abductor. Paramount and Trotter were the equipment brands used. The strength 
training groups exercised three nonconsecutive days per week at either Eastern Illinois 
University' s Student Recreational Center or Sarah Bush Lincoln Health Center's Cardiac 
Rehabilitation weight room. The participants decided the location of the exercise 
sess10ns. 
The training sessions were unsupervised. The participants maintained daily 
exercise logs (Appendix C), which were used for detennining the training progression. 
During maximum testing, the participants were instructed extensively on the proper 
techniques of warm-up, cool-down, and stretching. The participants increased their 
weight programs themselves. Whenever the participant reached their maximum 
repetitions (following the guidelines provided by the researchers) and could perform 
those repetitions comfortably (with moderate discomfort), they then moved themselves 
up to the next weight increment. 
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Each strength training session involved a 5-minute aerobic warm-up and 5-
minutes of large muscle group stretching. There was approximately 15-30 minutes of 
strength training per session and a 5-minute cool-down at the end. For each participant, 
detailed daily workout records were used to monitor the amount of weight lifted, the 
number of repetitions completed, and date of training. The participants performed their 
sets on Paramount and Trotter isotonic resistance training equipment. This equipment 
was available at Sarah Bush Lincoln Health Center or Eastern Illinois University 
respectively. The standard Paramount and Trotter resistance training equipment were 
selected to minimize the problems experienced by a strength training beginner such as the 
inability to balance the free-weight equipment and the fear of injury when using free 
weights. 
The aerobic programs were also recorded on the daily exercise logs (Appendix 
C). Group 2, the high resistance with low repetitions and group 3, the low resistance with 
high repetitions recorded their strength training program on the front of the log sheet 
while on the back they recorded their aerobic training exercise, date, and duration. Group 
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1, the aerobic control, disregarded the front of the log sheet and on the back recorded 
only their aerobic training exercise with date and duration. The logs were monitored and 
reviewed by the same researcher at the beginning of every month. The requirement for 
subjects to be included in the analysis was an 80% compliance rate of the aerobic training 
and strength training. Appendix D shows a table of each participant' s assigned number, 
group, and aerobic exercises. 
Data Collection 
Muscular Strength 
A pretest and posttest one repetition maximum test was performed on all 
participants for each of the eight lifts. A data sheet was used to record all results 
(Appendix E). Each of the participants made a 30-minute testing appointment with the 
researcher. During this appointment, the researcher went over the purpose of the study, 
the requirements of the participant, and proper warm-up, lifting, and cool-down 
techniques. Also, during the meeting an Exercise and Health History Questionnaire 
(Appendix F) was filled out by the participant. This questionnaire was designed to 
observe the exercise pattern of each participant, and also to see if they still had their 
ovaries, had any medical conditions that may put them at risk for problems associated 
with exercise, or if they took supplements of any kind. These questions were important 
because they assisted the researchers in eliminating potential participants who did not 
meet the inclusion criteria. 
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After all questions were answered, the researcher and participant proceeded with 
the one repetition maximum test. The participant first started out lifting light resistance 
to warm-up to the exercise. The standard protocol used was to progressively add 
resistance until the participant could not lift any more resistance one time. The last 
resistance level lifted using proper form was the participant' s one repetition maximum. 
The maximum testing was performed by the same researcher to minimize variability. All 
eight exercises were tested in the same session. The order of exercises was the same for 
every participant where they alternated between upper and lower extremity machines. 
The tests were conducted in the Student Recreation Center at Eastern Illinois University 
and in the METS lab at Sarah Bush Lincoln Health Center. The testing sites were 
dependant on where the participant was recruited. 
Bone Mineral Density 
To determine the participant's bone mineral density (measured in g/cm2), dual-
energy x-ray absorptiometry (DEX.A~ Hologic QDR-4500 software version 2.0), was 
performed at the beginning and at the end of the study. A measurement of the 
participant's lumbar spine (Ll-L4) and the proximal femur (femoral neck, trochanter, and 
intertrochanter) were determined by the scan. Baseline and posttest scans for each 
participant were performed and analyzed by the same physician at Sarah Bush Lincoln 
Health Center. Scanning instructions and procedures were standardized for all subjects. 
Each subject was scanned on her non-dominant side, for example, if a participant was 
right handed, she was then scanned on the left side of her body. A medical doctor 
interpreted the results, and the summary analysis was printed on each DEXA data sheet. 
After the DEXA scans were read by the physician at Sarah Bush Lincoln Health 
Center, the researcher sent the results to all the participants and their attending 
physicians. Each participant received an explanation of the DEXA score and how they 
ranked according to their age group (Appendix G and H). The participant's attending 
physician received a letter (Appendix I) stating their patient was involved in a study 
looking at the effects of specific types of strength training and bone mineral density in 
perimenopausal women. The first DEXA scan was a baseline and the second was 
performed six months later. The physician was informed of their patient's bone mineral 
density score. 
Height, Weight and Age 
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Height, weight, and age were self-reported by each participant when they received 
their baseline and posttest DEXA scan. The researcher then reviewed the data from the 
DEXA scan information sheet and used it in the analyses. 
Data Analysis Techniques 
Participants were randomly divided into one of three exercise groups. Descriptive 
statistics and analysis of variance (ANOVA), p < 0.05, were used to evaluate the baseline 
data using the SPSS program (SPSS for Windows version 9.0). A one-way ANOVA was 
used to identify the three group differences in the baseline values in bone mineral density 
and strength variables. A multivariate ANOVA (MANOVA), p < 0.05, was performed to 
assess the differences in change of strength and bone mineral density of the groups using 
the SPSS program (SPSS for Unix version 6.14). 
CHAPTERN 
ANALYSIS OF DATA 
Introduction 
This study was designed to investigate the change in bone density of 
perimenopausal women who exercise aerobically when a strength training program was 
added to their fitness program. The effect of the type of strength training program was 
also examined. The bone mineral density was determined by a DEXA scan. A baseline 
and posttest DEXA was performed to compare the results and observe any changes in the 
participant's bone density. In addition, baseline and posttest one repetition maximum test 
were performed on each participant to observe any increases or decreases in strength. 
Descriptive Statistics of Participants 
Twenty-seven participants entered the study, however, two had to drop out for 
unknown reasons. There was a total of 25 perimenopausal aerobically trained 
participants aged 39-48 years (mean age = 41.72 years, SD = 8.97) who finished the 
study. The participants were randomly assigned to treatment groups. The participants 
were each given a participant number (assigned alphabetically). Those numbers were 
then recorded on 25 separate sheets of paper. The papers were folded and placed in the 
center of a table. Once the papers were mixed, the researcher pulled out a number one by 
one. The first number drawn was placed into group 1, the second number drawn was 
placed into group 2, and so on. The participants were assigned to one of the following 
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groups: Group 1 - continued aerobic exercise program only, Group 2 - aerobic training 
with the addition of a high resistance with low repetitions strength training program, and 
Group 3 - aerobic training with the addition of a low resistance with high repetitions 
strength training program. 
The mean age, weight and height for each of the exercise groups is shown in 
Table 1. The weight of the participants varied from 115 to 171 pounds. The mean 
weight of the participants was 142.56 (SD = 18.39) pounds. The height of the 
participants ranged from 61.00 to 68.00 inches. The mean height of the participants was 
64.55 (SD = 2.14) inches. 
Table 1 Mean and standard deviation values for the three groups for age (years), 
weight (pounds), and height (inches). 
Report 
GROUP AGE WEIGHT HEIGHT 
1 Mean 41 .13 135.75 
N 8 8 
Std. Deviation 2.53 18.38 
2 Mean 39.38 146.12 
N 8 8 
Std. Deviation 15.70 21 .68 
3 Mean 44.33 145.44 
N 9 9 
Std. Deviation 2.50 15.48 
Total Mean 41.72 142.56 
N 25 25 
Std. Deviation 8.97 18.39 
Note. 
Group 1 = Aerobic control, Group 2 = High resistance with low repetitions, 
Group 3 = Low resistance with high repetitions. 
64.6250 
8 
2.1998 
64.8750 
8 
2.2952 
64.1944 
9 
2.1498 
64.5500 
25 
2.1384 
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Exercise Adherence of the Three Exercise Groups 
The training period was 24-weeks long with a total of72 exercise sessions. Each 
participant was expected to exercise a minimum of 80% of the sessions or complete 58 
exercise sessions total. Every participant exceeded the 80% requirement for the aerobic 
training program. In addition, all of the strength training participants lifted 80% of the 
time except one. She was subject number 17 and in group 3. That participant started six 
weeks later than the rest of the participants because she was recruited later. However, 
she still only completed 73% of her strength training program when her commencement 
date was taken into account. Her data was still included in the study because she was 
compliant with the aerobic program. 
Statistical Analysis of Differences Between Groups at Baseline 
A one-way analysis of variance (ANOV A) was performed to compare the three 
groups initially in terms of strength and bone mineral density. The level of significance 
was set at p< .05. Table 2 shows no significant differences between the three groups for 
any of the baseline variables. 
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Table 2 Summary of ANOVA between the three groups for baseline maximum 
lifts and bone mineral density. 
ANO VA 
Sum of Mean 
Sauares di Sauare F Sin. 
BENCHP Between Groups 116.000 2 58.000 .133 .87•3 
Within Groups 9600.000 22 436.364 
Total 9716.000 24 
LEGPRESS Between Groups 2586.685 2 1293.343 .265 .77•) 
Within Groups 107385.9 22 4881 .176 
Total 109972.6 24 
ARMCURL Between Groups 139.583 2 69.792 .218 .80•3 
Within Groups 6734.375 21 320.685 
Total 6873.958 23 
LATPULL Between Groups 489.625 2 244.812 1.615 .22·2 
Within Groups 3334.375 22 151.563 
Total 3824.000 24 
LEG EXT Between Groups 3601 .625 2 1800.813 2.644 .094 
Within Groups 14984.375 22 681 .108 
Total 18586.000 24 
LEGCURL Between Groups 1444.444 2 722.222 1.868 .17·3 
Within Groups 8505.556 22 386.616 
Total 9950.000 24 
ADDUCTOR Between Groups 718.444 2 359.222 .664 .52:5 
Within Groups 11905.556 22 541 .162 
Total 12624.000 24 
ABDUCTOR Between Groups 1954.278 2 977.139 2.360 .11.3 
Within Groups 9109.722 22 414.078 
Total 11064.000 24 
HIP Between Groups 7.208E-03 2 3.604E-03 .239 .79•) 
Within Groups 
.332 22 1.510E-02 
Total 
.339 24 
SPINE Between Groups 9.635E-04 2 4.817E-04 .028 .9T2 
Within Groups .376 22 1.707E-02 
Total 
.377 24 
Note. 
BENCHP = Bench press, LEGPRESS = Leg press, ARMCURL = Arm curl, 
LATPULL = Latissimus pull down, LEGEXT = Leg extension, LEGCURL =Leg 
curl, ADDUCTOR = Leg adductor, ABDUCTOR= Leg abductor, HIP = Hip bone 
mineral density, SPINE= Spine bone mineral density. 
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Table 3 displays the baseline means and standard deviations for the three groups on 
each of the eight maximum lifts. 
Table 3 Baseline mean and standard deviations for the three exercise groups on 
each of the eight maximum lifts (pounds). 
Report 
LEGPRE ADDUCT 
GROUP BENCHP SS ARMCURL LATPULL LEG EXT LEGCURL OR 
1 Mean 77.50 234.63 58.75 91 .88 138.13 100.00 137.50 
N 8 8 8 8 8 8 8 
Std. Deviatio 29.52 76.64 20.83 12.23 24.78 14.14 21 .88 
2 Mean 72.50 209.50 57.50 101 .25 108.75 95.00 140.00 
N 8 8 8 8 8 8 8 
Std. Deviatio 8.86 49.22 19.82 11 .26 29.00 30.71 28.78 
3 Mean 73.33 225.33 53.13 91 .67 118.33 82.22 127.78 
N 9 9 8 9 9 9 9 
Std. Deviatio 19.20 78.51 11.63 13.23 24.49 7 .95 18.56 
Total Mean 74.40 223.24 56.46 94.80 121 .60 92.00 134.80 
N 25 25 24 25 25 25 25 
Std. Deviatio 20.12 67.69 17.29 12.62 27.83 20.36 22.93 
Note. 
Group 1 = Aerobic control, Group 2 = High resistance with low repetitions, 
Group 3 =Low resistance with high repetitions. 
ABDUCT 
OR 
85.00 
8 
11 .95 
106.25 
8 
27.74 
90.56 
9 
18.45 
93.80 
25 
21.47 
BENCHP = Bench press, LEGPRESS = Leg press, ARMCURL = Arm curl, 
LATPULL = Latissimus pull down, LEGEXT =Leg extension, LEGCURL = Leg curl, 
ADDUCTOR = Leg adductor, ABDUCTOR = Leg abductor 
After it was established that the groups were randomized equally, a multivariate 
analysis of variance (MANOV A) was performed to determine if there was a significant 
difference between the three groups on changes in the strength variables and the bone 
mineral density variables after the six-month training period. Since the MANOV A 
determined that there were significant differences (Wilks lamba = 0.15201, df = 20,26), 
p = .045), univariate F tests were used to determine for which variables the group 
differences were significant. These results are shown in Table 4. 
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Table 4 Univariate F tests to determine any significant differences between groups 
in strength or bone mineral density change after the six-month training 
period. 
ANOVA 
Sum of Mean 
Sauares df Sau are F Sio. 
BENCHCHG Between Groups 89.365 2 44.683 .311 .736 
Within Groups 3162.875 22 143.767 
Total 3252.240 24 
LEGPRCHG Between Groups 8892.290 2 4446.145 1.443 .258 
Within Groups 67800.750 22 3081.852 
Total 76693.040 24 
ARMCLCHG Between Groups 758.330 2 379.170 2.630 .095 
Within Groups 3025.000 21 144.050 
Total 3783.330 23 
LATPCHG Between Groups 306.694 2 153.347 5.629 .011 
Within Groups 599.306 22 27.241 
Total 906.000 24 
LEGEXCHG Between Groups 4824.903 2 2412.451 12.885 .OOO 
Within Groups 4119.097 22 187.232 
Total 8944.000 24 
LEGCLCHG Between Groups 694.694 2 347.347 5.273 .013 
Within Groups 1449.306 22 65.878 
Total 2144.000 24 
AOOCHG Between Groups 5078.125 2 2539.063 5.775 .010 
Within Groups 9671.875 22 439.631 
Total 14750.000 24 
ABDCHG Between Groups 1442.403 2 721.201 2.289 .125 
Within Groups 6931.597 22 315.073 
Total 8374.000 24 
HIPBDCHG Between Groups 1.600E-03 2 8.000E-04 2.477 .107 
Within Groups 7.107E-03 22 3.230E-04 
Total 8.707E-03 24 
SPINECHG Between Groups 3.626E-04 2 1.813E-04 .165 .849 
Within Groups 2.414E-02 22 1.097E-03 
Total 2.451E-02 24 
Note. 
*Significant at p< 0.05. 
BENCHCHG = Bench press, LEGPRCHG =Leg press, ARMCLCHG = Ann curl, 
LATPCHG = Latissimus pull down, LEGEXCHG = Leg extension, 
LEGCLCHG = Leg cur~ ADDCHG =Leg adductor, ABDCHG = Leg abductor. 
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The univariate F tests found a significant difference in strength on four (50%) of 
the strength tests. The four tests which showed significant group differences were 
latissi mus pull down (p = . 011 ), leg extension (p = . OOO), leg curl (p = . 013 ), and leg 
adductor (p = .010). There were no significant differences in bone mineral density 
among any of the three groups. 
Hypotheses 
Hypothesis One 
Since the high resistance with low repetitions group, group 2, was lifting a higher 
percentage of weight (80% of 1 repetition maximum) than the low resistance with high 
repetitions group, group 3, (50% of 1 repetition maximum), it was hypothesized that the 
higher load would contribute to a greater increase in strength. Thus, group 2 would 
increase their strength more than group 3 and the aerobic control will show no increase in 
strength. Tables 5 and 6 represent the baseline and posttest values for group 2 on all 
eight one repetition maximum strength training values along with the differences from 
those tests. 
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Table 5 Group 2 (High resistance with low repetitions) individual baseline (1) and 
posttest ( 6) values for upper body strength (pounds) including amount 
change (X). 
Sub. BP BP X* Arm Arm X* Lat. Lat. X* 
# 1 6 Curl Curl Pull Pull 
1 6 1 6 
................................................................................................................................................................................................................................... 
2 70 95 25 40 60 20 90 110 20 
4 70 85 15 50 75 25 110 120 20 
9 70 75 5 50 70 20 90 100 10 
10 100 110 10 70 95 25 120 125 5 
13 75 110 35 50 60 10 100 120 20 
14 75 80 5 40 70 30 90 100 10 
15 105 115 10 60 60 0 100 110 10 
22 75 95 20 100 90 -10 110 120 10 
Note. 
*X difference of baseline and posttest data. 
BP = Bench Press, Lat. Pull = Latissimus Pull Down. 
Table 5 shows that the high resistance with low repetitions group increased in 
almost all (95.8%) of the upper body lifts. Only two subjects did not show an increase in 
the arm curl lift. One participant showed no change while the other decreased by 10 
pounds. The greatest increase in the bench press was 35 pounds, while the greatest 
increase in the arm curl was 30 pounds and in the latissumus pull down it was 20 pounds. 
In contrast, the least amount of change from baseline to posttest was 5 pounds for the 
bench press, 0 pounds for the arm curl and 5 pounds for the latissimus pull down. 
Table 6 is presented to illustrate the increases and decreases in strength in the 
lower body for Group 2. 
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Table 6 Group 2 (High resistance with low repetitions) individual baseline (1) and 
posttest ( 6) values for lower body strength (pounds) including amount of 
change (X). 
Sub. Leg Leg X* Leg Leg X* Leg Leg X* 
# Prs. Prs. Ext. Ext. Curl Curl 
1 6 1 6 1 6 
2 184 232 48 70 120 50 60 90 30 
4 160 280 120 120 160 40 120 130 10 
9 208 184 -24 110 140 30 70 80 10 
10 280 338 58 160 185 25 150 165 15 
13 260 260 0 80 125 45 70 90 20 
14 240 375 135 90 145 55 80 100 20 
15 136 160 24 110 130 20 100 llO 10 
22 208 208 0 130 160 30 110 120 10 
Sub. Add. Add. X* Abd. Abd. X* 
# 1 6 1 6 
2 130 220 90 110 150 40 
4 150 175 25 150 150 0 
9 120 150 30 90 120 30 
10 170 255 85 140 205 65 
13 120 120 0 70 100 30 
14 110 150 40 80 110 30 
15 170 205 35 130 140 10 
22 170 170 0 90 120 30 
Note. 
*X represents the difference between baseline and posttest data. 
Leg Prs. = Leg Press, Leg Ext. = Leg Extension, Add. = Leg Adduction, 
Abd. = Leg Abduction. 
Table 6 illustrates increases in nearly all (97.5%) the lower body strength training 
exercises for group 2. The greatest increase on the leg press was by 135 pounds while 
two participants showed no change. One participant decreased in leg strength by 24 
pounds on the leg press machine. All the participants increased in the leg extension 
variable. The greatest was by 55 pounds. All of also increased on the leg curl machine 
with the greatest increase at 30 pounds and the least at 10 pounds. On the leg adductor 
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variable the participants showed the greatest increase at 90 pounds and two participants 
did not increase at all. On the leg abductor machine, one participant increased by 65 
pounds while the smallest increase was 10 pounds with one participant not increasing at 
all. 
Tables 7 and 8 are presented below and represent the baseline and posttest upper 
body and lower body strength values for group 3. 
Table 7 Group 3 (Low resistance with high repetitions) individual baseline (1) and 
posttest (6) values for upper body strength (pounds) including amount 
change (X). 
Sub. BP BP X* Arm Arm X* Lat. Lat. X* 
# 1 6 curl curl Pull Pull 
1 6 1 6 
1 90 105 15 70 75 5 100 110 10 
3 70 75 5 50 50 0 70 70 0 
6 80 75 5 30 50 20 80 90 10 
11 llO 135 25 55 75 20 100 115 15 
17 80 95 15 50 65 15 90 100 10 
18 105 120 15 60 100 40 110 110 0 
19 80 80 0 NA NA NA 80 80 0 
21 80 97.5 17.5 60 70 10 90 100 10 
Note. 
*X represents difference between baseline and posttest data. 
BP =Bench Press, Lat. Pull = Latissimus Pull Down. 
The greatest increase in the bench press was 25 pounds while the smallest amount 
of increase was 5 pounds. One participant did not increase at all. The most improved 
participant increased her arm curl strength by 40 pounds while another participant did not 
increase at all. The participant's greatest increase in the latissimus pull down exercise 
was by 15 pounds while three ladies did not increase. 
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Table 8 Group 3 (Low resistance with high repetitions) individual baseline (1) 
and posttest (6) values for lower body strength (pounds) including amount 
change (X). 
Sub. Leg Leg X* Leg Leg X* Leg Leg X* 
# Prs. Prs. Ext. Ext. Curl Curl 
1 6 1 6 1 6 
1 270 265 -5 145 160 15 90 100 10 
3 112 136 24 100 100 0 50 50 0 
6 290 210 -80 120 130 10 75 80 5 
8 330 360 30 130 175 45 80 100 20 
11 240 265 25 150 160 10 95 100 5 
17 112 160 48 llO 120 10 80 100 20 
18 256 208 -51 130 150 20 90 120 30 
19 258 270 12 70 90 20 70 90 20 
21 160 160 0 110 120 10 80 110 30 
Sub. Add. Add. X* Abd. Abd. X* 
# 1 6 1 6 
1 150 150 0 100 100 0 
3 120 170 50 70 llO 40 
6 110 120 10 85 90 5 
8 130 160 30 60 110 50 
11 112 130 18 90 110 20 
17 140 160 20 110 140 30 
18 150 170 20 110 170 60 
19 105 130 25 85 110 25 
21 140 170 30 110 140 30 
Note. 
*X represents the difference between baseline and posttest data. 
Leg Prs. =Leg Press, Leg Ext. = Leg Extension, Add. = Leg Adduction, 
Abd. = Leg Abduction. 
The leg press showed an increase of 48 pounds while another participant 
decreased by 80 pounds. The leg extension showed an increase as much as 45 pounds 
whereas one participant did not increase at all. The leg curl exercise's largest increase 
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was by 30 pounds while one participant showed no increase. A participant increased 50 
pounds on the leg adduction exercise while one participant had no increase in adduction 
strength. In addition, a 60 pound increase was shown by a participant on the leg 
abduction machine despite the fact that one participant did not increase at all. 
The aerobic control's baseline and posttest data are shown in Tables 9 and 10. 
Table 9 Group 1 (Aerobic control) individual baseline (1) and posttest (6) values 
for upper body strength (pounds) including amount change (X). 
Sub. BP BP X* Arm Arm X* Lat. Lat. X* 
# 1 6 curl curl Pull Pull 
1 6 1 6 
ooOOOOO·OOOOO·OOOOO·OOO·O ·OOUO·HOOOOOO·O ·OOOOO·OOO·O ·OOOO·O ·OOOO·HOOO·O ·OOO·O ·OOUO·OOU·O ·H00·000000000000·000UO·OOH·OHOO·O ·OOOU·HOOOO·OOUO·O ·OOOH·OOO-OOOO·OOOOOOO·OOOOO·OOOO·O ·OOOOO·OOH0·00000000000000·0000• o ·Oh·0 ·0000•·000oO-••U0•00000•00000000•00·•0000000 
5 95 135 40 65 80 15 90 100 10 
7 80 80 0 50 60 10 90 90 0 
12 80 80 0 60 60 0 80 90 10 
16 110 110 0 100 110 0 105 105 0 
20 90 95 5 60 70 10 90 90 0 
23 120 135 15 65 50 -15 115 115 0 
24 30 55 25 30 30 0 80 80 0 
25 75 78 3 40 40 0 85 90 5 
Note. 
*X represents difference in baseline and posttest data. 
BP = Bench Press, Lat. Pull = Latissimus Pull Down. 
Typically, there should be little or no increase seen in the aerobic control group's 
strength because they were not strength training. However, one participant increased in 
the bench press exercise by 40 pounds while three participants did not increase at all. 
The arm curl exercise produced a 15-pound increase in maximum strength in addition to 
one participant's 15-pound decrease in strength. The latissimus pull down exercise 
illustrated a minimal increase of 10 pounds and five participants did not increase at all in 
strength. 
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Table 10 Group 1 (Aerobic control) individual baseline (1) and posttest (6) values 
for lower body strength (pounds) including amount of change (X). 
Sub. Leg Leg X* Leg Leg X* Leg Leg X* 
# Prs. Prs. Ext. Ext. Crl. Crl. 
1 6 1 6 1 6 
•oo0.o O o•• o oo•OO o •00000000o0000 0 000 0000·•000000000 ... 0 0 00 0 .0 00.00000•0000• o 00.00 o 0000 00000•0000000000 0o000 .• 00000 0 0 0 0 00000 00000.000000 000000 0 000000000 00000 00000 000000000HOO OO O H0.0 00000000000 0 00 0 ·00•000 0 000 .. 0••oooo o oo·oO ooooo• oooooooooooo 
5 240 285 45 175 175 0 110 120 10 
7 112 184 72 120 120 0 90 110 20 
12 208 280 72 130 130 0 110 120 10 
16 345 345 0 145 130 15 100 110 10 
20 232 184 -48 130 140 10 90 90 0 
23 335 340 5 115 150 35 120 120 0 
24 180 330 150 175 160 -15 90 90 0 
25 225 180 -45 115 120 -5 80 85 5 
Sub. Add. Add. X* Abd. Abd. X* 
# 1 6 1 6 
5 150 160 10 100 120 20 
7 140 150 10 80 80 0 
12 150 150 0 90 110 20 
16 120 140 20 80 80 0 
20 170 170 0 90 130 40 
23 150 150 0 90 120 30 
24 110 100 -10 90 80 -10 
25 110 120 10 60 70 10 
Note. 
*X represents the difference between baseline and posttest data. 
Leg Prs. = Leg Press, Leg Ext. = Leg Extension, Add. = Leg Adduction, 
Abd. = Leg Abduction. 
The lower body strength of the aerobic control participants should vary little from 
baseline to posttest because they did not implement any strength training exercises into 
their exercise program. Therefore, the aerobic control participants should not increase in 
strength. The aerobic control group did have a wide range from its greatest increase in 
leg press strength to its greatest decrease in strength. The largest improvement in 
strength was 150 pounds and the largest decrease in strength was 48 pounds. The leg 
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extension showed the greatest increase to be 3 5 pounds and the greatest decrease to be 15 
pounds with three participants not increasing at all. The leg curl exercise produced a 20-
pound increase by one participant while three participants showed no improvement. The 
greatest increase in the leg adductor strength was a 20-pound increase while the greatest 
decrease was 10 pounds. One participant decreased in her leg abductor strength by 10 
pounds while the greatest increase in strength was by 40 pounds. 
In addition, Tables 11 and 12 represent the mean and standard deviation values 
for each group in regard to upper body and lower body strength. It is presented to 
illustrate how each individual participant performed as compared to her group mean. 
Table 11 Group basel ine (1) and posttest (6) mean, standard deviation, and percent 
change values for maximum upper body strength training lifts (pounds) 
and percent change. 
Group BP. BP. O/o Arm Arm O/o Lat. Lat. O/o 
1 6 Change Crl. Crl. Change Pull Pull Change 
1 6 1 6 
1 77.50 88.50 14.2% 58.75 62.50 6.4% 91.88 95.00 3.4% (±29.52)* (±33.44) (±20.83) (±24.93) (±12.23) (±11.02) 
2 72.50 88.13 21.6% 57.50 72.50 26. 1% 101.25 113.13 11.7% 
(±8.86) (±11.93) (±19.82) (±13.63) (±11.26) (±9.61) 
3 73.33 85.89 17.1% 53.13 69.38 30.6% 91.67 98.89 7.9% 
(±19.20) (±24.79) (±11.63) (±15.91) (± 13.23) (±15.96) 
Note. 
*Standard deviations are in parenthesis. 
BP = Bench Press, Arm Crl. = Arm Curl, Lat. Pull = Latissimus Pull Down. 
Group 1 = Aerobic control, Group 2 = High resistance with low repetitions, 
Group 3 = Low resistance with high repetitions. 
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Table I 1 illustrates that group 2 had the greatest increase in strength from baseline 
to posttest data on the bench press and latissimus pull down. Group 3 had the greatest 
increase in the arm curl strength variable. 
Table 12 Group baseline (1) and posttest (6) mean and standard deviation values for 
maximum lower body strength training lifts (pounds) and percent change. 
G Leg Leg % Leg Leg % Leg Leg O/o 
Prs. Prs. Change Ext. Ext. Change Crl. Crl. Change 
1 6 1 6 1 6 
1 234.63 266.00 13.4% 138.13 140.63 l.8% 100.00 105.63 5.6% (±76.64)* (±72.91) (±24.78) (± 19.72) (±14. 14) (±14.99) 
2 209.50 254.63 2 1.5% 108.75 145.63 33.9% 95.00 110.63 16.5% (±49.22) (±74.39) (±29.00) (±21.78) (:!:30.71) (±27.57) 
3 225.33 226.00 0.3% 118.33 133.89 13.1% 82.22 100.00 21.6% (±78.51) (±71.00) (:!:24.49) (±29.13) (±7.95) (±11.18) 
Group Add. Add. % Abd. Abd. % 
1 6 Change 1 6 Change 
1 137.50 142.50 3.6% 85.00 98.75 16.2% (±21.88) (±22.52) (±11.95) (±23.57) 
2 140.00 180.63 29.0% 106.25 136.88 28.8% (±28.78) (±43.71) (±27.74) (±33.05) 
3 127.78 151.1 1 18.3% 90.56 120.00 32.5% (±18.56) (± 19.65) (±18.45) (:!:25.00) 
Note. 
*Standard deviations are in parenthesis. 
Leg Prs. = Leg Press, Leg Ext. = Leg Extension, Leg Crl. = Leg Curl, 
Add. = Leg Adduction, Abd. = Leg Abduction. 
1 =Aerobic control, 2 = High resistance with low repetitions, 
3 = Low resistance with high repetitions. 
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Table 12 illustrates that group 2 had the highest percentage change in the leg 
press, leg extension, and the leg adductor. Group 3 had the highest percentage change in 
the leg curl and leg abductor strength variables. 
Table 13 represents the difference from the baseline and posttest data on the 
strength tests and the bone density tests for each group. This table points out the average 
strength gained by each group. 
Table 13 The differences in maximum lifts between baseline and posttest (pounds) 
among the three exercise groups. 
Maximum Lift Group 1 Group 2 Group 3 
Bench Press 11 .00 15.63* 12.56 
Leg Press 31.38 45.13* .67 
Arm Curl 3.75 15 .00 16.25* 
Lat. Pull Down 3.13 11.88* 7.22 
Leg Extension 2.50 36.88* 15.56 
Leg Curl 5.63 15.62 17.78* 
Adduction 5.00 40.63* 23.33 
Abduction 13.75 30.62* 29.44 
Note. 
*Shows which group increased the most from baseline to posttest. 
Group 1 = Aerobic Control, Group 2 = High resistance with low repetitions, 
Group 3 = Low resistance with high repetitions. 
Table 13 indicates that group 2 benefited most from their strength training 
program. It is obvious from the data that group 2 gained the most strength after six-
months of training. Group 2 increased the most from baseline to posttest on six of the 
eight lifts. 
The MANOV A and subsequent univariate F tests identified four strength 
variables in which the groups had significantly different amounts of change over the 6-
month period (Table 4). Tukey 's post hoe test was used with these strength tests to 
determine where the significant group differences were. 
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Group 2 (high resistance with low repetitions) had a significantly greater increase 
in the latissimus pull down exercise (p = .0106) than group 1 (aerobic control). Group 2 
had a significantly greater increase (p = .0002) than both group 1 and group 3 (low 
resistance with high repetitions) in the leg extension exercise. Group 3 increased 
significantly more (p = . 013 5) than group 1 on the leg curl variable. 
Lastly, group 2 gained significantly more strength (p = .0096) on the leg adductor 
exercise than group 1. Thus, group 2 significantly improved their strength more than the 
aerobic control group for three variables (latissimus pull down, leg extension, and leg 
adductor), but showed more improvement than group 3 only on the leg curl variable. 
Hypothesis Two 
This hypothesis examined whether there was a significant increase in bone 
mineral density of aerobically trained perimenopausal women if a strength training 
program was added to their exercise regimen. Each participant' s individual baseline and 
posttest bone mineral density data is shown including their percentage change. Table 14 
illustrates the aerobic control group' s individual baseline and six-month values for bone 
mineral density and their percentage change. Table 15 and Table 16 also show group 2, 
high resistance with low repetitions, and group 3, low resistance with high repetitions, 
participant's individual baseline and six-month values for bone mineral density and 
percent change respectively. 
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Table 14 Group 1 (Aerobic control) individual baseline (1) and posttest ( 6) values 
for bone mineral density (g/cm2) and percent change. 
Sub.# Hip Hip % Spine Spine % 
BMD BMD Change BMD BMD Change 
1 6 1 6 
5 0.978 1.003 2.5 1.001 1.086 8.4 
7 0.771 0.769 -0.3 0.867 0.872 0.6 
12 0.887 0.886 -0.1 0.953 0.956 0.3 
16 1.003 0.991 -1.1 1.094 1.103 0.8 
20 0.949 0.946 -0.3 1.026 1.038 1.1 
23 1.214 1.231 1.4 1.332 1.324 -0.6 
24 0.728 0.709 -2.6 0.798 0.759 -4.8 
25 0.817 0.806 -1.4 0.833 0.847 1.6 
Note. 
BMD = Bone Mineral Density. 
Table 15 Group 2 (High resistance with low repetitions) individual baseline (1) and 
posttest (6) values for bone mineral density (g/cm2) and percent change. 
Sub.# Hip Hip % Spine Spine % 
BMD BMD Change BMD BMD Change 
1 6 I 6 
........................................................................................................................................................................................................................................ 
2 0.763 0.757 -0.9 0.855 0.863 0.9 
4 0.972 1.023 5.2 1.155 1.123 -2.8 
9 0.944 0.963 2.0 0.887 0.894 0.8 
10 1.114 1.133 1.6 1.066 1.051 -1.3 
13 0.962 0.971 1.0 0.963 0.948 -1.6 
14 0.946 0.970 2.6 1.105 1.115 0.9 
15 0.857 0.872 1.7 0.947 0.977 3.2 
22 0.998 1.021 2.3 1.003 1.048 4.5 
Note. 
BMD =Bone Mineral Density. 
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Table 16 Group 3 (Low resistance with high repetitions) individual baseline (1) and 
posttest (6) values for bone mineral density (glcm2) and percent change. 
Sub.# Hip Hip O/o Spine Spine % 
BMD BMD Change BMD BMD Change 
1 6 1 6 
1 0.796 0.802 0.7 0.829 0.894 7.9 
3 0.930 0.921 -1.0 1.004 0.947 -5.6 
6 0.786 0.823 4.7 0.924 0.935 1.3 
8 0.855 0.836 -2.3 0.965 0.917 -5 .0 
11 1.038 1.058 1.9 1.069 1.088 1.8 
17 0.800 0.833 4.2 0.826 0.806 -2.3 
18 1.027 1.056 2.8 1.127 1.136 0.7 
19 1.033 1.015 -1.7 1.076 1.098 2.0 
21 0.867 0.871 0.5 1.024 1.031 0.7 
Note. 
BMD = Bone Mineral Density. 
Two of the eight (25%) subjects in the aerobic only group increased their hip bone 
mineral density, and six of the subjects (75%) increased their spine bone mineral density. 
Seven of the eight (87.5%) participants in the high resistance with low repetitions group 
showed an increase in hip bone mineral density, and five (55.5%) of the participants, 
increased in spine bone mineral density. Group 3 had six of the nine (66.6%) participants 
increase in hip bone mineral density, while six (66.6%) of the participants increased in 
spine bone mineral density. 
Though there was no significant difference between the groups in mean amount of 
change of bone mineral density after six months, the data shows that more subjects in 
group 2 and group 3 (both strength training groups) did increase their bone mineral 
density in the hip region than the aerobic control group. Table 17 shows the group mean 
hip and spine bone mineral density scores. 
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Table 17 Group mean hip and spine bone mineral density (g/cm2) for baseline (1) 
and posttest ( 6) data including percent change. 
Group# Mean Mean 
Hip Hip 
% Mean 
Change Spine 
Mean 
Spine 
% 
Change 
BMDI BMD6 BMDl BMD6 
I .91838 .91762 -.08% .98800 .99813 1.03% 
2 .94450 .96375 2.04% .99762 1.00238 0.48% 
3 .90356 .91278 1.02% .98267 .98356 0.09% 
Note. 
Group 1 =Aerobic control, Group 2 = High resistance with low repetitions, 
Group 3 = Low resistance with high repetitions. 
Hypothesis Three 
Since the aerobic control group was continuing their aerobic training program and 
not adding any additional exercises to their exercise regime, those participants were 
expected to remain constant in their bone mineral density. As shown in Tables 14 and 
17, the aerobic control group, as a whole, did not increase their bone mineral density. 
Hypothesis Four 
Since the high resistance with low repetitions group, group 2, was lifting a heavier 
load (80% of 1 repetition maximum), their bone mineral density should increase more 
than the low resistance with high repetitions group, group 3, (50% of 1 repetition 
maximum) and the aerobic control group, group 1, because the heavier the stress placed 
onto the bone, the stronger it will become to endure the stress. Table 17 indicates that 
overall, group 2, did have the highest percent change in the hip (2.04%) and group 1 had 
the highest percent change in the spine (1.03%). Table 18 illustrates the difference from 
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baseline to posttest data between the three groups for the bone mineral density variables. 
Group 2 had the highest increase overall in the hip bone mineral density with a difference 
of .01925 g/cm2 between the baseline and posttest data. However, group 1 had the 
highest overall increase in the spine bone mineral density with a difference of .01013 
g/cm2 between the baseline and posttest data. Thus, the findings are not supportive to the 
hypothesis. 
Table 18 The difference in baseline and posttest data between the three exercise 
groups for hip and spine bone mineral density (g/cm2) and percent change. 
Group % Group 2 % Group 3 
1 Change Change 
HipBMD -.00076 -0.08% .01925 2.04% .00922 
SpineBMD .01013 1.03% .00476 0.48% .00089 
Note. 
Group 1 = Aerobic control, Group 2 =High resistance with low repetitions, 
Group 3 = Low resistance with high repetitions. 
BMD = Bone Mineral Density. 
% 
Change 
1.02% 
0.09% 
As was determined by the MANOVA and subsequent univariate F tests, no group 
was statistically significant from each other in amount of change over the six months 
(p = .10) for the hip bone mineral density variable. In addition, there was no significant 
difference between groups in the spine bone mineral density variable. 
In terms of bone mineral density, both strength training groups (groups 2 and 3) 
did show a slightly greater increase than the aerobic training group in the hip, however, 
the differences were not significant. 
CHAPTER V 
DISCUSSION, SUMMARY, CONCLUSIONS AND RECOMMENDATIONS 
Discussion 
The purpose of this study was to determine if a strength training program had an 
effect on the bone mineral density of aerobically trained perimenopausal women. In 
addition, the researcher wanted to investigate if high intensity strength training with low 
repetitions will result in a greater increase in bone density as compared with low intensity 
strength training with high repetitions. 
Very little research has been completed on perimenopausal women and the effects 
of strength training on bone mineral density. The researcher could find no studies that 
focused specifically on aerobically trained perimenopausal women and the effects of 
strength training on bone mineral density. The majority of the literature reviewed 
focused on perimenopausal and /or postmenopausal women, who did not train 
aerobically, and the effects a strength training program had on bone mineral density. 
Although the related literature differs in design, the results of this study support some 
previous studies, as well as contradict others. 
In the current study, 87.5% of the women who added a high resistance with low 
repetitions strength training program to their aerobic training program, did increase their 
hip bone mineral density. Sixty-seven percent of the women in the low resistance with 
high repetitions strength training program, group 2, increased their bone mineral density 
in the hip~ whereas, only 25% of those women who did not add a strength training 
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program to their aerobic program showed an increase in their hip bone mineral density. 
Group 2 did show more of an increase over group 3 and group 1 for the bone mineral 
density of the hip. The results of this study agree with the conclusions ofDorneman, 
McMurray, Renner, and Anderson (1997). Their study involved 35 perimenopausal 
women who did not exercise aerobically. The strength training group increased their 
bone mineral density of the lumbar by 1.03%, while the sedentary group decreased their 
lumbar bone mineral density by .36%. Ten of the 12 subjects gained bone mineral 
density at the lumbar site, while only three out of 14 in the sedentary group increased 
lumbar bone mineral density. The duration of the study was 6 months. 
Similar findings were seen in a study by Lohman et al. (1995). This study also 
had a sedentary perimenopausal group and a perimenopausal group who began a strength 
training program. No aerobic training was performed by either group. This study lasted 
18 months. For those subjects who began a strength training program, bone mineral 
density increased significantly by 7% above baseline at the lumbar spine and 4.4% at the 
femoral site. The sedentary group showed no increase. 
Differing results were found in a study by Gleeson, Protas, LeBlanc, Schneider, 
and Evans (1990). This study tested a 12-month strength training program on bone 
mineral density of perimenopausal women. Again, there was no aerobic training done by 
either the strength training group or the sedentary group. The authors concluded there 
was such a small change in the bone mineral density of the lumbar spine of the strength 
training group and the sedentary group, that a strength training program is not a probable 
answer for osteoporosis. 
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The results of a study by Rockwell et al. (1990) were similar to the results of 
Gleeson et al. (1990). A possible reason that there was no significant difference between 
the three groups on bone mineral density in the present study could be due to two of the 
limitations that were mentioned in Chapter 1 - length of the study and the number of 
participants in each group. 
The investigator is unsure why there was an increase in the spine bone mineral 
density for all three groups, with the largest increase in group 1, the aerobic control 
group. There was no significant difference in spine bone mineral density change for any 
of the three groups, yet a majority of the participants in all three groups did increase. 
Group 2 did significantly differ on three variables, lat pull down, leg extension, 
and leg adduction improved strength when compared to group 1, the aerobic control. 
When comparing group 3 to group 1, group 3 increased in strength on seven of the eight 
lifts. A finding that was surprising was that group 3 showed less than one pound increase 
on the leg press from baseline to posttest. A possible reason for this may be that the 
participants may not have pushed themselves to their limit to produce a true one 
repetition maximum for the posttest. The data presented in this study on the muscular 
strength gains of the two groups who added a strength training program are supported by 
previous studies (Domeman, McMurray, Renner, and Anderson, 1997; Lohman et al., 
1995; and Rockwell et al., 1990). These studies previously researched, show a 
significant increase in muscular strength over a control group who did no strength 
training. 
Results of the current study may have an impact for several individuals. If 
perimenopausal women in the current study, who exercise aerobically, can add a high 
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resistance with low repetitions strength training program to their exercise regimen and 
increase their bone mineral density and muscular strength, then relatively every 
perimenopausal woman who exercises aerobically may implement a strength training 
program into her exercise routine and increase her muscular strength and bone density. 
The participants who were performing a high resistance with low repetitions strength 
training program were only spending 15 minutes of their time completing the strength 
training circuit. Thus, perimenopausal women who are already exercising aerobically 
need only to spend 15 minutes in the weight room performing a high resistance with low 
repetitions strength training program to help offset osteoporosis and maintain or improve 
their bone density. 
Summary 
This study was conducted to determine which type of strength training program 
yields the greater bone mineral density scores in perimenopausal women. It was also 
performed to distinguish which strength training program was better at increasing upper 
and lower body strength in perimenopuasal women. The rationale for this study was that 
perimenopausal women have a great chance of developing osteoporosis after they reach 
menopause. Women can lose up to 20% of their bone density in the 5-7 years following 
menopause, making them more susceptible to osteoporosis (National Osteoporosis 
Foundation, 2001). 
Twenty-five perimenpausal women between the ages of39-48 years (mean age = 
41.72 years, SD = 8.97) were included in the study. The volunteers must already have 
been training aerobically for at least the previous six months. In addition, they could not 
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have been participating in a strength training program for more than three months prior to 
the commencement of the study. These two criteria were established to assure the 
participants all had approximately the same fitness levels to begin. Also, the participants 
could not be menopausal and they had to be experiencing at least two symptoms of 
perimenpause. Again, the preceding criteria were established to assure that all the 
participants were perimenopausal. Once all the criteria were met, the participants were 
randomly divided up into one of three exercise groups. Group 1 was an aerobic control 
where the participants only participated in an aerobic exercise program for three days per 
week 30 minutes each session. Group 2 was the high resistance with low repetitions 
strength training group where the participants lifted 1 set of 6-8 repetitions at 80% of 
their maximum three times per week in addition to their regular three day per week 
aerobic training program. The third group was the low resistance with high repetitions 
group where the participants lifted 2 sets of 20 repetitions at 50% of their maximum three 
days per week in addition to the three day per week aerobic training program. 
Upon statistical analyses of the data it was concluded that there was no significant 
differences among groups for strength or bone mineral density. Initially all groups were 
divided up equally and no group was significantly stronger in upper body or lower body 
strength or had greater bone mineral density than the others. 
Conclusions 
After the six-month training period these four conclusions emerged through data 
analyses. 
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1. The strength training participants who trained with high resistance and low 
repetitions did show a greater increase in strength over the participants who 
trained with low resistance and high repetitions. Group 2 significantly improved 
their strength more than the aerobic control group for three variables (latissimus 
pull down, leg extension, and leg adductor), but showed more improvement than 
the low resistance with high repetitions group only on the leg curl variable. 
2. Strength training did increase the bone mineral density of aerobically trained 
perimenopausal women. The data showed no significant differences in both bone 
mineral density variables. 
3. The aerobic control participants did not show any significant differences in the 
bone mineral density variables. 
4. The high resistance with low repetitions group did show a greater increase in hip 
bone mineral density than the low resistance with high repetitions group. 
Recommendations For Further Research 
Based on the findings of the study, the following recommendations appear 
warranted: 
1. A similar study should be conducted using a larger sample size. 
2. A similar study should be conducted over a longer period of time. 
3. A similar study should be conducted with menopausal women as the participants. 
4. A similar study should be conducted with a sedentary group where they would do 
no aerobic training or strength training. 
5. A similar study should be conducted using calcium supplements to further 
analyze the participant's increase in bone mineral density. 
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APPENDIX A 
Study Overview and Participant Agreement 
Dear Study Participant: 
Eastern Illinois University and Sarah Bush Lincoln Health Center are performing a study 
to research the effects of strength training on bone mineral density of perimenopausal 
women. The purpose of the study is to evaluate significant changes in bone density in 
aerobically active perimenopausal women when strength training is added to their fitness 
program. We also would like to examine the type of strength training program which 
shows the greatest increase in bone mineral density. 
Osteoporosis is very prevalent in our society, especially in postmenopausal women, who 
lose an average of3-5% of bone mass per year. Numerous studies have been completed 
on postmenopausal women and the effects of estrogen and strength training on bone 
density and risk for developing osteoporosis. The literature reveals that estrogen 
replacement therapy and strength training can indeed increase a postmenopausal 
woman's bone mass and reduce her risk for osteoporosis. With our study, we would like 
to carry this research a step further and see if we can influence bone density before a 
woman reaches menopause, thus reducing her chances of bone osteoporosis when she 
does become postmenopausal. 
For our study, beginning in December 2000 and ending in June 2001, we need 30 
perimenopausal women (women who have not yet reached menopause but are in the 
period prior to menopause where hormone changes start to occur) who meet ALL of the 
following criteria: 
• You must not be menopausal (menopause is defined as the cessation of menstrual 
cycle for at least 6 months and an FSH level of > 30). If necessary, you may be 
required to have a laboratory test done to determine your FSH level. This test 
may be paid for by the study. 
• You must have been exercising aerobically for at least the past 6 months 
(minimum of3 times per week, 30 minutes per session). 
• You may not have been participating in a strength training program for more than 
3 months. Participants who have been strength training for 3 months or less will 
qualify for the study if they have been training less than 60 minutes per week. 
• You must be experiencing two or more of the following symptoms that you 
believe are due to the hormone changes that come with perimenopause: 
o PMS 
0 Infertility 
o Weight gain 
o Headaches 
o Fibroids 
o Painful or lumpy breasts 
o Abnormal Pap Smears 
o Fatigue 
o Insomnia 
o Cold hands or feet 
o Water retention 
o Premenstrual mood swings 
o Depression 
o Loss of libido 
o Heavy or irregular menses 
o Fat deposits at hips and thighs 
o Craving for sweets 
o Night sweats 
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Participants will be divided into one of three groups. Group 1 will serve as the aerobic 
control and continue with their aerobic routines and add no strength training program. 
Group 2 will continue their aerobic routines and add a strength training program 
consisting of heavy lifting but few repetitions (1 set of 6-8 repetitions at 80% of their one 
repetition maximum). Group 3 will also continue their aerobic routines and add a 
strength training program consisting of lighter lifting but more repetitions (2 sets of 20 
repetitions at 50% of their one repetition maximum). Each participant will be trained in 
proper lifting techniques and will be asked to perform specific strength training exercises 
on equipment which has been approved by a research group member. 
All participants will undergo maximal lifting tests under close supervision by a trained 
tester to determine initial lifting loads. All participants will undergo DEX.A (Dual-
Energy X-ray Absorptiometry) at Sarah Bush Lincoln Radiology Department to 
determine baseline and posttest bone density scores. DEX.A scanning involves a very 
low radiation exposure (much less than that required for a chest x-ray). Scans will be 
provided to all participants at no cost by Sarah Bush Lincoln and interpretation of results 
will be provided free of charge by the Lakeland Radiology group. Results will be shared 
with participants and may be sent to a chosen physician for further evaluation at your 
request. 
Participation in this study should be completely voluntary and will require a six-month 
commitment from each participant to continue with aerobic exercise and may include 
adding strength training 3 times per week to your current program. Even though 
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assessment of bone density changes is a long-term process and we will only see results if 
our participants are committed to the study for the entire six-month period, participants 
are free to withdraw from the study at any time. All data gathered will be kept 
confidential and reports of this research will include group data with no identification of 
individuals. 
We appreciate your willingness to participate in this study and look forward to working 
with you for the next six-months. Any questions you have about the study may be 
addressed to any member of the research group listed below. 
I have read the Study Overview and Participant Agreement and I would like to 
voluntarily participate in the study. Any questions that I had have been answered to my 
satisfaction. 
Signature of Participant 
Signature of Witness 
Date 
Date 
Dr. Jill Owen, EIU Associate Professor, 581-5380 
Jill Kowalski, EIU Graduate Student, 581-7579 
Sharon Jackson, Manager, SBLHC, 348-2177 
APPENDIXB 
Strength Training Guidelines and Consent Form 
Strength Training Effects on Bone Density in Perimenopausal Women 
Research Study 
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Strength training involves using muscles against a resistance to increase strength via 
machines or free weights. Participating in a strength-training program has numerous 
benefits. Building muscle mass through strength training is important because after age 
30, no matter how much you exercise aerobically you may lose 1/2 lb of muscle per year 
and increase 1 1/2 lbs of body fat. Strength training may help you gain or maintain 
muscle mass, and increase your functional ability, therefore your daily independence. In 
addition, strength training helps slow down the progression of osteoporosis, increases 
your metabolism, improves your balance and coordination along with your self esteem. 
Although there are many benefits, there are some risks involved with strength training. 
Those ri sks, although rare, may include: musculoskeletal injuries, increase in blood 
pressure, faintness, dizziness or lightheadedness, or a serious medical problem like heart 
attack or sudden death. Following the guidelines set forth by the Research Coordinators 
will greatly reduce these risks. As a participant in the study, I understand that I should 
abide by the following guidelines for a safe and effective strength-training program. 
l . Properly warm up the upper body to prepare your muscles for weight training. 
Do this by stretching out your arms, neck, back, and abdominals. 
2. Perform each exercise with proper technique and in a slow progressive manner. 
3. If at any time you feel faint, dizzy, or lightheaded, please stop exercising and 
inform a Research Coordinator. 
4. Do not hold you breath during the exercise. Proper breathing will help avoid 
complications such as faintness, dizziness, or lightheadedness. 
5. Avoid any exercises that cause you to experience low back pain. Ask one of the 
Research Coordinators for alternate exercises that work the same muscle groups. 
I have had the opportunity to read the Research Study Guidelines for strength training. I 
have had the opportunity to ask questions and I understand what is expected of me as a 
participant. 
Participant Name: 
~~~~~~~~~~~~~ 
Name: 
Deptltle j or : 
Phorie: 
MmcfilWI . 
c.. 
.,_ 
.. 
-
-
. 
~ 
Proglwn: 
Numllsol.-
APPENDIXC 
Daily Exercise Logs 
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APPENDIXD 
Subject Number, Group, and Aerobic Exercises 
Subject Group Exercises Exercises Exercises Exercises 
# # 
1 3 Walk/Jog 
2 2 Walk Step Aerobics 
3 3 Walk 
4 2 Walk Ski Machine Yoga 
5 1 Step Aerobics 
6 3 Walk 
7 1 Walk TaeKwonDo 
8 3 Walk/Jog Precore Bike 
9 2 Walk/Jog 
10 2 Walk Tennis 
11 3 Walk/Jog Bike Nordic Track 
12 1 Walk/Jog Bike Stair Master 
13 2 Walk Bike Precore 
14 2 Jog Tennis 
15 2 Walk 
16 1 Walk Step Aerobics 
17 3 Walk 
18 3 Walk/Jog Stair Master Bike 
19 3 Walk Precore 
20 1 Walk 
21 3 Walk/Jog Stair Master Bike Rower 
22 2 Walk 
23 1 Walk/Jog Stair Master Precore Bike 
24 1 Walk 
25 1 Walk/Jo~ Stair Master 
*Note. 
Group 1 = Aerobic control. Group 2 = High resistance with low repetition strength 
training. Group 3 = Low resistance with high repetition strength training. 
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APPENDIXE 
Data Sheet 
How Strength Training Affects Changes in Bone Density in Perimenopausal Women 
Name: 
-----------
Height: __________ _ 
Age: _ __________ _ Weight: __________ _ 
Phone(H): _______ _ Phone(W): _______ _ 
DEXA Scores 
Pre: 
--------
6Mo: 
-------
Post: 
-------
Current Aerobic Routine 
Type of Activity Days of Week # of Minutes per Day 
Ex: Walk, Aerobics 
1. 
2. 
3. 
Weight Training 
M, W, F T, R 
LIFT Baseline Max ( ) % lRM 6 Mo. Max 
Bench Press 
Leg Press 
Arm Curl 
Lat Pull 
Leg Ext 
Leg Curl 
Adductor 
Abductor 
30 min. 45 min. 
( )%1RM Post Max 
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APPENDIXF 
Exercise and Health History Questionnaire 
Name Da~ DOB 
-------------- -------~ -----
Check ALL boxes that fit your exercise pattern over the past 6 months: 
D I have not been exercising regularly in the past 6 months* (see below). 
D I have been exercising aerobically (walking, etc.) at least 3 x week, 30:00 per session 
for the past 6 months. 
0 I have been doing resistance training (weight lifting) for the past ____ months, 
spending about _ ___ minutes/day, ______ times/week. 
If you checked the 1 st box above, please describe any exercise that you have done over the 
past 6 months. Include what, how often, and for how long: 
Do you still have your ovaries? 
Do you still have regular menstrual cycles? 
please continue. 
[ ] YES [ ] NO If NO, STOP here. 
[] YES []NO IfYES, STOP here. Ifno, 
Do you have any menstrual periods? [ ]YES How often? __________ _ 
[]NO lfNO, please explain why: _______________ _ 
List any medical conditions that could put you at risk for problems associated with exercise 
(such as a heart condition, back problems, etc.): ----------------
Do you take: [] Hormone Replacement Therapy - Name/Dosage: _____ ____ _ 
[ ] Calcium Supplements - Name/ Dosage: 
-------------~ 
[] Natural Hormones - Name/Dosage: ______________ _ 
[] Miacalcin - Dosage: _____ [] Fosamax - Dosage: ______ _ 
APPENDIXG 
DEXA Explanation Sheet 
January 19, 2001 
Dear Bone Density Study Participant: 
Attached you will find a copy of your baseline DEXA scan results. To help 
you better understand the results, please read the following prior to looking 
at your results. 
Your bone density was measured in two areas: your hip and your lumbar 
spine (low back). Your scores may differ for each of these areas. For 
each area, you have a T-score which is the score that is used to determine 
your "result". AT-score is a comparison of your score to the scores of 
women within your age group who have normal bone density. If your score 
is 0.0, that means that you are equal to the average "normal" woman in 
your age group. If your score is higher than 0.0, you scored better than the 
average "normal" woman your age, and if your score is below 0.0, you 
scored lower than the average "normal" woman your age. The higher your 
score is, the better. · 
Scores of -0.9 or higher (more oositive) are NORMAL 
Scores that fall between -1.0 and -1.9 indicate osteopenia. Osteopenia is 
the condition which develops before. osteoporosis and indicates that you 
are prone to develop osteoporosis. If you are osteopenic, you should 
consult with their physician about the possible need for medical 
intervention and it is recommended that you have repeat bone density 
studies dooe every 1-2 years. 
Scores of -2.0 or below indicate osteoporosis. Osteoporosis should be 
aggressively managed by you and your doctor to help prevent fractures. it 
is recommended that you have repeat bone density studies done every 
vear. 
The results of your DEXA are as follows: 
METS & Occupational Health I OOO Health Center Drive, Mattoon, IL 61938 
217~258-2178 Fax 217-258-4024 
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Lumbar Spine 
Hip 
INTERPET ATION: 
APPENDIXH 
DEXA Ranking Sheet 
T-Score 
-:r · 
Normal 
Mild I Moderate I Severe Osteopenia 
Osteo orosis 
Normal 
Mild I Moderate I Severe Osteopenia 
Osteo orosis 
The bone density study is consistent with a diagnosis of: 
1) Normal bone mineral content 
2) Mild I Moderate I Severe osteopenia of the lumbar spine I femur 
3) Osteoporosis 
4) This patient's bone mineral density has: improved by __ % I worsened by 
__ % I not significantly changed from previous study. 
RECOMMENDATIONS: 
1)-Roatine-screening-in-two-to-three-years:- - - - -· - - - - ·· -· - ·· -·-
2) This test indicates that the patient is prone to deveop osteoporosis. Therapeutic 
intervention may be desirable. Clinical coorelation is advised. Follow up bone 
density study is recommended in 1-2 years. 
3) This test indicates a high risk for the development of osteoporotic fractures. 
Therapeutic intervention may be desirable. Clinical coorelation is advised. 
Follow u bone densi stud is recommended in 1 ear. 
A copy of this result was sent to Dr. . If you 
have questions or concerns about your result, please contact me at 348-
2178 or258-2178 or check with the physician listed above. Thank you. 
Sharon Jackson 
Manager, METS/Occupational Health 
METS &-Occupational Health 1000 Health Center Drive, Mattoon, IL 61938 
217-258-2178 Fax 217-258....024 
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APPENDIX I 
Physician Sheet 
01/19/01 
Your patient DOB: _____ _ 
recently had a DEXA scan completed as a part -0f a study sponsored by 
Eastern IL University and SBLHC. The study is looking at the effects of 
specific types of weight lifting and bone density in pre-menopausal women. 
Your patient will have scans done at baseline, 6 months, and 12 months 
and we were asked by the SBL Ethics Committee to report all results to 
each participant's primary care physician. 
The results of your patient's [ ] Baseline [ ) 6 month [ ] 12 month 
scan is attached. These results have been explained to your patient. 
Please do not hesitate to call me if you have questions or concerns. I can 
be reached at 348-2178, 258-2178, or 800-500-2178. 
Respectfully, 
Sharon Jackson 
Manager, METS/Occupational Health 
METS &r Occupational Health I OOO Health Center Drive, Mattoon, IL 61938 
217-258-2178 Fax 217-258-4024' 
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